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PREFACE. 

The  Federal  Bure.au  of  Mines  began  its  work  on  the  reduction  of 
metal  losses  in  melting  nonferrous  metals  and  the  improvement  of 
conditions  affecting  the  health  and  safety  of  the  workmen  in  the 
nonferrous  industries  in  L91 1. 

The  electric  furnace  at  once  suggested  itself  as  a  promising  means 
of  reducing  metal  loss  and  improving  working  conditions.  No  elec- 
tric furnace  suitable  for  melting  brass  was  then  in  existence.  The 
bureau  promptly  began  to  study  the  problem  experimentally  and  t<> 
encourage  brass  inciters,  electric-furnace  designers,  and  electric  gen- 
erating stations  to  study  it  also. 

9  ■  e  that  time  a  great  amount  of  experimental  work  on,  and  com- 
mercia]  development  of.  electric  brass  furnaces  lias  been  done  by 
different  groups  commercially  interested,  as  well  as  by  the  bureau, 
with  the  result  that  electric  melting  has  been  found  to  give  the  ad- 
vantages expected,  and  t<.  be  industrially  desirable;  it  is  acknowl- 
to-day  to  be  usually  the  best  and  cheapest  way  to  melt  brass 
and  many  other  nonferrous  alloy-.  Apparently  it  is  only  a  matter 
of  ;i   few  yean  before  more  brass  will  be  melted  by  electricity  than 

The  electric  furnace  bids  fair  to  become  the  standard  type 

hni-s  melting. 

The  presenl  report  is  published  to  record  the  progress  so  far  made 
in  meltinir  brass  electrically:  to  aid  the  plants  which   have  not   yet 

taken  up  such  melting  by  pointing  out  the  types  of  furnaces  avail- 
able, de-cribim:  their  performance  and   indicating  their  possibilities 

and    th«-ir-    limitation-:    and    to    encourage    further    experimentation 

the  development  and  installation  of  electric  brass  furnaces. 


ELECTRIC  BRASS  FURNACE  PRACTICE. 


By  II.  W.  (iillktt  and  E.  L.  Mack. 


INTRODUCTION. 
HISTORICAL  REVIEW. 

Prior  to  1911  the  literature  on  melting  brass  by  electricity  con- 
sisted entirely — save  for  some  suggestions  made  in  patent  literature 
but  not  actually  worked  out — of  a  few  observations  by  farseeing  men  l 
on  the  theoretical  advantages  of  melting  brass  and  other  non ferrous 
alloys  in  electric  furnace-. 

Koeber  was  the  first  to  see  and  clearly  state  the  possible  advantages 
of  the  electric  furnace  in  brass  melting.  The  same  factors  that  make 
it  desirable  to  manufacture  special  steels  in  the  electric  furnace 
lather  than  in  crucibles,  he  declared,  apply  to  brass  as  well.  He 
pointed  out  the  possibility  of  using  larger  melting  units,  of  elimi- 
nating crucible  cost,  of  readily  controlling  the  purity  of  the  product, 
and  of  nearly  eliminating  the  loss  of  zinc.  "The  replacement  of  the 
old  crucible  process  is  sure  to  come,"  he  said:  ''perhaps  it  will  come 
in  two  years,  but  it  will,  necessarily,  in  ten  years.  .  .  .  The  in- 
evitable advance  along  this  industrial  line  will  have  great  influence 
in  the  metnl  world  and  will  also  provide,  in  large  cities,  a  new  kind 
of  load  for  the  central  station." 

The  years  1905  to  1910  may  be  termed  the  purely  theoretical 
period  of  the  development  of  the  electric  brass  furnace,  though  the 
Conley  furnace  was  tried  out  experimentally  about  1910  and  a  few 
heats  were  made  in  an  induction  furnace  - 

In  December,  1911.  the  American  Chemical  Society  held  a  sympo- 
sium on  mineral  wastes,  at  which  Bas-ett  ?  discussed  the  zinc  losses 
that  attend  making  brass  in  fuel-lired  furnaces. 

Roeber,  i:  p.,  Manufacture  of  i>rass  hi  tin-  electric  furnace:  Electrochem.  and  Mel 
Ind.,  vol.  3,  1905,  i».  t:  Moldenke,  EL,  Electric  furnaces  for  the  foundry:  Electrochem. 
and  Met.  Ind.,  vol.  1,  1909,  i>.  160;  Krom,  L.  T..  Development  of  melting  furnace*:  Metal 
in<!..  vol.  7,  1000.  p.  287;  Bragg,  C  T.,  Modern  brass  foundry  progreas:  Trans.  Am.  Brass 
Founders'  Assn.,  rol.  4,  1910,  p.  i:* ;  Richards,  .t.  w.  Electric  furnaces  in  nonferroua 
Itargj  Met  Mini  Chem.  Bng.,  rol.  8,  1910,  p. 
"Rowlands,  T.,  Induction-furnace  progress  Trans  Am  Electrochem.  Boc,  rol.  17,1910 
p.   103. 

Baisett,  W.  H.,  Zinc  losses :  Jour    ind.  ind  Eng  Chem.,  rol.  1,  1!»U.  p.  164. 
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in  the  discussion  of  this  paper,  Parsons4  pointed  out  thai   in  a 
sed  electric  furnace  sine  losses  should  be  minimized,  and  said  that 
the  Bureau  of  Minos  was  planning  to  take  up  the  question  of  electric 
fun.  melting  oonferrous  alloys. 

About  thi>  time  several  electric  furnaces5  were  advertised,  advo- 
.  I,  or  suggested  for  melting  brass,  seemingly  either  on  the  basis  of 
te-t-  \\  it li  zinc,  on  the  basis  of  a  run  or  two  on  copper,  or  on  even  Less 
experience,  except  for  the  Hering  furnace. 

\        of  these  fun  are  now  prominent  in  the  brass  Lndusti 

although  the  final  outgrowth  of  Clamer's  work  with  the  Hering  fur- 
the  Ajax-W  yatt  furnace,  a  type  of  great  commercial  im- 
portan< 

!    gai e  in  L912  the  results  on  a  few  runs  on  brass  in  a  small  ex- 
perimental laboratory  furnace. 

Various  small-scale  tests  were  made  with  different  types  of  fur- 

y  different  experimenters  in  1913  without  any  notable  progress 

The  period  1911  to  1913  may  be  termed  the  early,  small- 

rimental  period  of  the  electric  brass  furnace. 

Late  in  L913,  in  L914  and  L915,  experiments  began  with  fair-sized 

fun  inder  foundry  conditions,  the  Rennerfelt  being  tested  in 

•:.  the  Helberger,  Hering,  and  two  early  forms  of  the  Baily, 

tx-Wyatt,  a  Snyder  crucible  lift-out,  and  a  Hoskins  crucible 

lift-out.  in  the  Dnited   State-.     Of  these  only  the  Rennerfelt  and 

tt  survived.     The  years  L913  to  L915  comprised  the  period 

of  early  larger-scale  experiment 

iily  in  L916  the  Ajax-Wyatt  reached  a  close  approximation  to 

ent   form  and  began  to  melt  bra--  commercially.      At  the  same 

small  er  direct-arc  furnace  gave  promising  results  on 

ed  bearing-bronze  and  was  the  precursor  of  an  installation  of 

d»-r  furnaces  which  began  commercial  production  later 

in  the  year. 

I    i  '   form  of  the  Baily  furnace  began  to  melt  cominer- 

•I.  men"  metal,  an  alloy  containing  v^»  per  cent  zinc,  with 
on  brass.     The  ( reneral   Electric  furna< 

*  Parson-     <  .    I..    I  ■'■   ".  .    10,    1912,    [•!•.    240*241  ,    ■  «■«■  ftlTC    I 

B  ill.   ».",.  Bureau  of  Mini  -.  1012,  p 

'■  ■      |  •  9    1011,  p.  212 ;  adrei  i  i  emei 

r  ••Hi-    Corn  it   "i    tin  dro 

f»th»r  1912,    i'     108      v 

i  <  iiim  'i.  :•.   1011 

•r!'-   melting   «.f   i  \iu     In 

0.1  i       :  |  i   el<  ■  '  rtc  furni 

■  '.   «••,    101  -'.    p.    '■  Id     i  .    A 

Km  '  .  vol  10,  LOU    i>    2 

•  i.  i    M<  mi  I sen  ■ 

1012,  p  i. mi.. 

imi;.I     h  i.',    |». 

rmrikllo    i 


HISTORICAL.  3 

melting  on  a  semicommercial  scale  at  Schenectady,  and  experimental 
melting  was  done  with  the  Foley  furnace. 

In  1917  came  the  installation  in  this  country  of  commercial 
Rennerfelt  furnaces  for  brass  and  bronze,  marked  extension  of  the 
use  of  the  Ajax-Wvatt  and  the  Baily,  a  trial  of  the  General  Electric 
at  a  Chicago  plant,  and  a  foundry-scale  test  of  a  rocking  furnace. 

By  the  end  of  1918  three  types  of  furnaces — -the  Ajax-Wvatt,  the 
Baily.  and  the  rocking  furnace — had  forged  ahead  and  were  doing 
the  bulk  of  the  commercial  electric- furnace  melting. 

Table  1  shows  the  number  of  active  furnaces  installed  or  being 
installed  for  melting  brass  and  bronze  on  January  1.  1922. 

Table  1. — Electric  furnaces  in  active  commercial   use  or  being  installed  for 
nonferrous  alloys  in  the  United  States,  -fan.  L  1922. 

DIRECT-ARC  FURNACES. 


Make. 

No. 

User. 

Alloy. 

Capac- 1  T  t  , 
ity  tonsj  Total 
per  heat  ca.^c 

nace. 

Total 

kw. 

rating. 

Total 
kw. 

Heroult  a 

2 
1 

1 
1 
:< 
2 

Driver-Harris  Co.,   Harrison, 

N.J. 
Hoskin^   Manufacturing   Co., 

Nickel  alloys 

do 

2 

h 
1 

4 

i 
1 

800 
300 
100 
60 
60 
400 

6  1,600 
6  300 

ell. 
Snvder 

Detroit,  Mich. 
Monel    Metal    Products    Co., 

Bavonne,  N.  J.c 
Chrobaltic  Tool  Co.,  Chicago, 

111. 
Havnes  Stellite  Co.,  Kokomo, 

Ihd. 
Chicago   Bearing    Metal   Co., 

Chicago,  111. 

Monel 

dlOO 

Cobalt-chro- 

mium. 
do 

1              1 
1             1 

1               2 

<*60 
d240 

Leaded  bronze. . 

'800 

Total 

10 

Number  of  usfers,  ,;.                                                            

2,100 

STATIONARY  INDIRECT-ARC  FURNA- 


Rennerfelt  / . . 


91 

1 

1 
1 


Chicago   Bearing    Metal   Co.,  Leaded  bronze. .         1 
.  111. 

Mint ,  Philadelphia,  Pa..  Bronzeand  silver          I 

do do 1 

3an    Francisco,    do i  J 

"if. 

Bausch    Machine    Tool   Co.,  Hardeners    for           J             J 

Springfield,  Mass.  aluminum. 

Hardite    Metals    Co.,    Long  Nfickel-cb.ro-           J            J 

d  City,  N.  V.  mium. 

Gorham    Manufacturing  Co.,     Silver i  i 

Providence,  B.I. 

Skagit  Iron  &  Steel  Co.,  8edro    Bronze J  I 

y.  Calif. 


300 

1.50 
300 
125 

100 

ISO 

100 
300 


"300 

'1.50 

125 

100 

150 

I  100 

"300 


.i  Another  Ibroult  furnace  melting  nickel  alloys  is  installed  at  Hiram  Walker  Metal  Products  Co.,  Walker- 
vMle,  Onl 
t>  Three-phase  automatic-  control. 
e  According  to  an  editorial  in  Foundry  loorefurna  .   ba   recently 

Nickel  Co.,  Huntington,  v\ .  \  a.,  for  melting  Monel  metal. 
^  Single  pha 

.  ■  control. 
/  A  Hon  ioo-kw.  Bennerfi  It  for  melting  Monel,  bronze,  and  br 
the  (Jerline  Brass  Foundrj  I  o  .  Kalamasoo,  Mich.,  bat  one  time  on  account 

of  ])< 

0  A  second  1-ton  Bennerfell  at  thiaplfl  I  rintoiv  Ke-pi-1-an-  furua 

h  Two  pi 

»  Two  phase;  nose  tilting  an<l  automatic  control. 
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ik*. 

User. 

Alloy. 

Capac- 
ity tons 
per  heat 

pec  fur- 
nace. 

Total 
cspao- 

ity 

Ions. 

Total      ^       . 
k\v                ''' 

rating.     **■ 

Re-I*l-arc 

1 

3 

1 

1 
1 

Chicago  Bearing   Metal  Co., 
Chicago,  111. 

Crane  Co.,  Chicago,  111 

Sandusky  Foundry  A  Machine 
Co.,  Sandusky,  C>hio. 

Manning,  Maxwell  &  Moore, 
Inc.,  Bridgeport.  Conn. 

Bridgeport  Brass  Co.,  Bridge- 
port, Conn. 

Leaded  bronze. . 

Monel  and  bronze 
Bronze 

1 
V 

» 
50 

70 

1 

3 

1  0 
90 

90 

s 

450 

50 
50 

50 

70 

*  4f>0 

*100 
*50 

do 

*50 

do 

Jt  •"• 

Total 

14     Number  of  users,  11. 

1  » 



-- 

M<<\  ING  INDIRECT-ARC  FT  RNACES— SINGLE  rHASE.i 


I>etroit  rocking. 


Uuminum  Manufacturing  Co., 

Inc..  Detroit.  Mich. 
2     American    Bushing   Corp. 

Marysvule.  Mich. 
2     Amor.  •    bronze 

Co.,  Holmesburg,  Pa. 
l     American  Metal  l  roductsCo., 

Milu  Bukee,  Wis. 

1  B'  thl(  b  m  Shipbuilding  Co., 

5     C.  B    Bohn  Foundry  Co.,  De- 
troit, Mich. 

2  Boa  id  Brook  OUlesi  Bearing 

i  Brook,  N.J. 

l     Bridgeport  Brass  Co.,  Bridge- 
cm. 

1      Chapman  \  .  In- 

dian Ol 
4     (  .  "Water- 

burr,  Conn. 
1     I  r  Roll- 

Miil   .  <  It- \  eland,  Ohio. 
boil- 
ing Mill   .  Detroit.  Mich. 
1     Detroit  Lu  l, Detroit, 

0. 

1      )  roit.  Mich. 

1  1  ord  Motor  Co.,  Ki\'-r  B 

2  Gem  r.d  Aluminum  a    Bi 

ufacturing  Co.,  I  Detroit, 

1     i  Tank  Car 

..  111. 
1     I.  ,  Buffalo, 

l     II 

III. 

■ 

■»      M  Refining 

Mich. 
I  o  ,  I'ort  Huron 

I,  Ores. 


Brass  and  bronze 

do 

do 

Bronze 

Brass  and  bronze 

Brass,  bronze, 

and  aluminum 

Bronze 

Bronze  and  cop-  I 
per. 

and  bronze 


Brass 

1 

do 

1 

do 

1 

Brass  and  bronze 

1 

do 

do 

1 
1 

do 

do 

do 

do 

do 

.  do 

Brass 


.do. 


1 

3      Bar.  b    Pool  I,      do. 


300 

300 

300 

150 

300 

300 

150 

300 

125 

300 

300 

300 

300 

300 
300 

300 

150 
IV) 
7.-, 
300 
800 
800 
NO 


600 
600 

m  150 
300 

1,500 
300 
300 
125 

1,200 

300 

"2,400 

»»300 

300 

300 

600 
150 

75 

600 

1,200 

810 

300 

vtoo 


;  T;    •  '  oi  Indira  r  arc  funu 

»  A  ih'   \<li  tried  out  in  ■  1-ton  30f>kw.  size 

A  demon  tration  furnace 
'J  hree  furnace  ,  of  1,  i,  and  J  ton 

•  Bi 
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Table  1. — Electric  furnaces  in  active  commercial  use,  etc. — Continued. 
MOVING  INDIRECT— ARC  FURNACES— SINGLE  PHASE— Continued. 


Make 


Detroit  rocking 


inst 

Taw  ; 


1     Standard  Underground  Cable  Brass  and  cop- 
Co.,  Perth  Amboy,  N.  J.  per. 

1     Storm  Peak  Potash  Co.,  Den-     Aluminum 

ver,  Colo. 

3     Sherwood  Brass  Works,  De-  Brass  and  bronze 
troit,  Mich. 

1     Sarachan  &  Rosenthal,  Inc.,     Brass 

Rochester,  N.  Y. 

1     M.  Smolensky  Manufacturing    do 

Co.,  Cleveland,  Ohio. 

1     "White  <fc  Bros.,  Philadelphia,  Brass  and  bronze 
Pa. 

1     Wheeler  Condenser  &   Engi-    do 

necring  Co.,  Carteret,  N.  .1. 


1} 
* 
3 
1 

i 
1 
1 


300 
150 
300 
300 
75 
300 
300 


'300 
150 
900 
300 
75 
30 
300 


T(l 

60 

Number  of  users,  30. 

54.4 

16,  325 

Booth  • 

3 

4 

l 

i 

i 
i 

3 
2 

H 

2 

300 

180 

125 

75 

900 

720 

9,125 

$ 
40 

100 

600 

Number   of  users   of  Booth    

Total 

13} 

5,345 

furnaces,  35  to  40. 
Number    of   users    of   tvpe,   

Total  for  type.. 

G7.6  j 

21,670 

about  G5. 

REFLECTED-HEAT  FURNACES. 


Baily. 


Acheson  Manufacturing  Co.,  Brassand  bronze 

Rankin,  Pa. 

Akron  Bronze  &  Aluminum  do 

Co.,  Akron,  Ohio. 

do do 

Allis  Manufacturing  Co.,  Mil-  do 

waukee.  Wis. 

Alliance  Brass  &  Bronze  Co.,  do 

Alliance,  Ohio. 

American  Hardware  Corp.,  do 

New  Britain,  Conn. 

Anaconda  Copper  Mining  Co.,  do 

Butte,  Mont. 

Atlas  Brass  Works,  Columbus,  do 

Ohio. 

Bagley  &  Scwall  Co.,  Water-  do 

town.  X.  Y. 

Buick  Motor  Car  Co.,  Flint,  do 

Mich. 

Burlington  Brass  Works ,  Bur-  do 

lington,  Wis. 

Capitol   Brass   Co.,    Detroit,  do 

Mich. 

Chapman  Valve  Co.,  Spring-  do 

field,  M  . 
Coppus  Engineering  A  Equip- 
ment Co.,  Worcester.  Mass. 

Clans  Auto  Gas  Cock  Co.,  Mil-  do 

waukee,  Wia. 


.do. 


! 

J 

105 

4 

1 

105 

1 
i 

1 
I 

50 
50 

i 

J 

75 

f 

1 

105 

} 

1 

105 

| 

I 

105 

I 

i 

50 

■ 

i* 

105 

1 

!* 

105 

i 

ii 

105 

i 

i 

105 

I 

i 

105 

i 

* 

75  | 

105 

105 

50 
50 

75 
105 
105 
105 

50 
210 
210 
210 
105 
105 

75 


r  Direct  pouring,  standard  furnace,  lined  for  larger  charge. 
ra  Since  this  table  was  put  in  type  the  Ford  Motor  1  o 


put  in  type  the  Ford  Motor  Co.  is  reported  to  ha\e  ordered  live  more  1-ton 
300  kw.  Detroit  rocking  furnaces,  all  ha\  ing  automatic  control. 

» The  number  of  furnaces  of  each  m/c  Is  given  according  to  information  supplied  hy  the  makers  of  the 
furnace.    The  number  of  active  furnaces  may  beli  >  check  up  the  full  list  of  i 

because  it  is  notjiveD  out  by  the  makers.  Among  the  users  are  Bridgeport  Brass  Co.,  Bridgeport, 
Conn.;  Cleveland  Br.i  i  Co..  Cleveland,  Ohio;  Dearborn  Brass  Co..  Cedar  Rapids,  Iowa:  Dallas  City 
Foundry  Co.,  Dallas  City,  III.;  Fulton-Harwood  Brass  Works,  South  Bend,  Ind.;  National  Bronze  and 
Aluminum  Foundrv,  Cleveland,  Ohio;  Michigan  Smelting  and  Refining  Co.,  Detroit,  Mich.;  Mu  I 
Aluminum  Foundrv  Co.,  Muskegon,  Mich.;  Yale  <V  Towne,  Stamford,  Conn.;  Hill  Pump  Valve  C  , 
Chicago,  111.;  Nordyke  4  Ifarmon  Co.,  Indianapolis,  Ind.;  Prime  Manufacturing  Co.,  Milwaukee,  M  is 
Some  of  the  Booth  furnaces  have  automatic  control. 

68723°— 22 2 
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trie  fill  n   active  commercial   u*e%  6tC,     Continufed. 

HEA1    FURNACES  -Continued, 


Kata 


Belli 


Alloy. 


Capac- 
ity Ions 
per  heat 

per  fur- 
nace. 


I  I  Dt  Dg  Laboriv     Aluminum. 

toi  >hio. 



i  .... 

.  Detroit, 
Ificfa. 
Drew  Electric  A  Manufactur- 
ing Co.,  Cleveland,  Ohio. 
Evinrade  Motor  Co..  Milwau- 

MaruifacturingCo., 

iirie, 

Ohio.. 
pper  &  I  • 

Calif. 
Kennedy  Valve  Co..  Elmira, 

New 

Lumi  Buffalo, 



hinc 


Brass  and  bronze 

do 

Brass 

Brass  and  bronze 

do 

do 

Brass 


■uid  bronze 




[flg. 


Refining 
Mich. 

■  ibu- 
qvu 

\>nryh.  Pa. 



■  roit, 

1     W.   A.   Hills.   .  ter,  i 

.farturiiiKCo. 
atur.Ill. 

\    . 
if. 

Paul, 

De- 

:  ich . 
I 

>hio. 

rrand 

'     • 

Co., 

iring 
n,  ICaas. 


do 

Aluminum — 

iiid  bronze 

Lumen  met.il    .  . 
Brass  ainl  bronze 



m<l  bronze 
do 


do 

.do. 


.do. 
.do 
.do. 
.do. 
do. 
.do. 

do 

do 

do 

do 

do. 

do 

dfl 


Br  :i 

do 


capao- 

ily 
tons. 


i 

i 
-'i 


'i 
1 


Total 

k  m 

rating. 


Total 
kw. 


105 

5Q 

50 

106 

105 
75 
75 

105 

50 
75 

105 

50 

105 

105 

50 

105 
106 
105 

50 

7.', 
105 

75 
105 
105 
105 

75 
105 
1 05 

M 
106 

7.-. 

L06 

m:, 
7.r. 

so 

106 

in:, 
101 


105 

100 

50 

315 

105 


75 

LOS 

50 
t  75 

in-, 

50 

210 

105 
50 

420 

106 

105 

50 

75 

315 

75 

i  815 

315 

106 

7.-, 
105 
106 

50 
106 

7.'. 
106 

50 

.'in 

n 
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Table  1, — Electric  furnaces  in  active  commercial  use,  etc. — Gontinv 
REFLECTED-IIEAT  FURNACES— Continued. 


Make. 


CapaC-  Tntal 

ity  tons  '  °td,_ 

perheat  ca  \at 

nace. 


Total 

lav. 

rating 


Tota 
kw. 


Baily 


1     Utica  Valve  <fc  Fixture  Co.,     Brass  and  bronze  J  j 

Utica.N.  Y. 

1  Westinghouse  Electric  Manu-    do {  i 

facturing  Co.,   East    Pitts- 
burgh, Pa. 

2  West  Virginia  Metal  Products    do j  li 

Co.,  Fairmont.  W.  Va. 
1     White  &  Bros.,  Philadelphia,    do } 

Pa. 
1     J.  B.  Wise,  Inc.,  Wat ert own,   do J  } 

N.Y. 
1     Wolverine     Brass     Works,    do i  J 

Grand  Rapids,  Mich. 


Total" 83     Number  of  users,  57 


51.' 


Total s     Number  of  users,  5. 


5.  75 


Rennerfelt    re-      l     Chicago  Faucet  Co..  Chicago, 
vcrberatorv.  111. 


Total  for  type.  .    93     Number  of  users.  62 


105 
105 

50 


105 
50 

"210 

105 

75 

50 


General     Elec-       1     General  Electric  Co.,  Schenec-     Aluminum ,V 

trie.  tadv.  N.Y. 

do do i  J 

do Brass  and  bronze  | 

IfcNab  A-  Harlin  Manufactur-  .  ''Aterite" \  \  3f*> 

ing  Co.,  Paterson.  N.  J. 

do do H  lj 

U.  S.  Copper  Products  Co.,     Brass  and  cop-  \\  li  400 

Cleveland,  Ohio.  per.  I 

Ohio   Brass    Co.,    Mansfield.     Brass  and  bronze         li  If  MM 

Ohio. 

U.  S.  Navy  Yard.  Washing-    do 1J  lt 

ton,  D.  C. 


7". 
150 

300 
400 

too 

400 
400 


9.730 


VERTICAL-RING  INDUCTION  FURNACES— SINGLE  PI! 


Ajax-V.    at- 


3     Ajax  Metal  Co.,  Philadelphia, 
Pa. 

1    do 

32     American  Brass    Co  ,  Wat»r- 

bury,  Conn. 
24     American  Brass  Co.,  Kenosha, 
Wis. 
American  .  Torring- 

1     A  merit  an  Lard  ware  Go.,  Nera 

Britain,  Conn. 
6     Baltimore    Tul»e    Co.,    baiti- 

morc,  Md. 
17     Bridgeport    Brass  Go,  Bridge- 
■  n.« 

6    do 

1      l.ui.  i   Motor  Gar  Go.,   I 
h. 
20     Chase  Rolling  Mill  Co., 

terbury,  Conn. 
l     Gram-  Ca,  Chicago,  111... 
l     Erie-Buffalo  Tube  i 

I  a. 
1     General    1 

tady,  N.  V. 
l     Haines,    Join'-    k    (ad: 
Philadelphia,  i  a. 
National  Conduil  ^  Cmhl< 
v. 


Yellow  brass 


.do. 
.do. 


.do. 
.do. 


and  r<<l 
brass. 
Yellow  brass  — 

....do 


.do. 
.do. 

.do. 





....do 


1  , 

J 

} 
1 

1 

if. 

1 

U 

J 

12 

I 

1 

1 

i 

1 

41 
1 

i 

I 
1 

i 
i 

* 

1 

i 

1 

1 

60 
19.0 

1.440 

180 

60 
I  ) 


•   nltine.  ,  i,     . 

.  Tv  furnaces  I  Thermit 

kw.;  Mon- 
arch Metal  Co.,  one  60-kw.,  Domii  Product!  Co.,  om 

1  «Thi   arm  originally  used  most]  ad  to  •  mallei  mu 

powered  I 


s 
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■  trie  ful  n  active  commercial  use,  etc.   -Continued. 

BTICAL     RING    INDUCTION    FURNA    D6     SINGLE    PHASE     Continued, 


\                         i  set. 

ipac- 

ity  Ions 

Alloy.           per  heat 
per  fur- 
nace. 

Total 
capac- 
ity 
tons. 

i 
Kn              kw 

rating. 

i 
l 

■ 

l 
l 
l 
l 
. 

l 
i 

Karitan  Copper  Works,  K;iri- 

tan.  \ 
Parish    Pool   Co.,   Clevi 

•  10. 
Rome   Brass  4   Copper  Co., 
Koine,  N.  V. 

He  Manufacturing 
Wat                 am. 

Co  .  Wilmington, 
Del. 

Kenosha, 

Stamford    Rolling    Mills    Co., 
on. 
Sanitary  Manufac- 
turing Co.,  Louisville,  K 

.md  I'alilf 
erth  Aml.oy.  N.  J 

.1  Products 
Fairmont,  W.  Va. 
Cartridge    Co.,   W. 
.  111. 

a  i.  Washing- 
ton, D  ' 

Yellow  brass } 

do i 

do i 

do i 

do J 

do J 

do \ 

do i 

do * 

do h 

do i 

do | 

i 

i 
ii 

6 
1 

i 
i 

i 

3 
j 
1 

BO 
BO 

60 
60 
60 
60 
60 
75 
60 
60 
80 

60 
60 
180 

720 
60 
60 
60 
75 
120 
360 
60 
60 

Tota. 

84.  3 

14.0K5 

RIZONTAL-RING   INDUCTION  9INGLE   I'll 


■ 


.     ifacturing 


■.-chromium 


1 

i 

100 

:'.»■:.:.»■' 


Manufacturing    Co.,     Brass  and  cop-         5 
.mi.                     per. 
do 1 


■ 


II 


500 
160 


AJn 


HIGH-FREQUENCY   EDDY-C1   RRENT   FURNACES. 


If  ark, 

I  •    P.. 

I II 
•  '. 
.  i 
Hand 


Platinum 


i 

gold 

i 


Is 

X 

X 

jo 

8 
16 
80 


100 


(  <»N!'A(  T-RESISTANCK   I  CRN  VCE3— 1  HREE    PHASE. 


.500 
900 


1,400 


i  20 

r90 

*ao 

j/6 
t  83 


188 


0Ol   .i 
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Table  1. — Electric  furnaces  in  active  commercial  uxe,  etc. — Continued. 

OTHER  CRUCIBLE  LIFT-OUT  FURNACES. 


Mak.>. 

No. 

User. 

Alloy. 

Capac- 
ity tons 
per  heal 

per  fur- 
nace. 

Total 

capac- 
ity 
tons . 

Total 

kw. 

rating. 

Total 
kw. 

Baily 

1     W.  A.  Rogers,  Ltd.,  Niagara 

Falls.  N.  Y. 
1     U.  S.  Smelt.  R.>f.  &  Mining 

Silver.. 

i 

i 

an  ATI 

Marsh 

2 
4 

Co.,  Boston,  '  1 

bb  Hoskins  Manufacture  . 
Detroit.  Mich. 

'.-chromium 

i 

i 

- 

tIOO 

Total 

ijo 

SUMMARY 


Make. 


Ajax-Wvatt 

Detroit  rocking. 

Baily 

Booth 

'  >t her  furnaces.. 


Number  of 

furnaces. 


176 
60 
83 
40± 
54 


Total . 


413 


Total  ca- 
pacity per 
heat  "tons. 


54.4 
51.7 

13.  2 


Total  kil- 
owatts. 

14.0*5 
16,325 
7.  155 
5,  345 


233. 


50,861 


aa.  Single  phase,  two  crucibles. 

bb  These  furnaces  are  usedless  than  formerly  on  account  of  the  installation  of  larger  furnaces  of  other  typos 

c<-  Single  phase,  one  or  two  crucibles  per  furnace. 

Various  other  types  are  still  under  experimental  development. 

After  the  year  1916  began  the  period  of  commercial  introduction 
and  development  of  electric  brass  furnaces.  The  status  of  the  in- 
dustry, which  was  still  in  its  infancy,  was  thus  given  in  a  review  '  of 
electrometallurgy  in  1919: 

In  the  nonferrous  metal  industries,  1910  was  characterized  by  the  rapid 
introduction  <>t"  electric  melting  furnaces  in  place  of  melting  in  crucibles  or 
open-combustion  furnaces.  The  electric  furnace  had  ;i  great  opportunity  and  it 
was  grasped.  Fifty  or  mere  electric  furnaces  were  erected  in  ;i  single  brass-pro- 
ducing city,  and  all  the  other  brass  makers  in  the  country  arc  either  looking 
on  with  interest  or  have  determined  to  follow  suit.  America  is  leading  the 
world  in  this  development,  and  the  brass  and  other  related  lndu*tr  es  ■  other 
countries  can  not  do  otherwise  than  imitate  our  methods  and  follow  our  lead. 

Richards8  says:  "It  will  be  but  a  short  time  before  all  the  brass  in 
this  country  will  be  melted  by  electric  furnace 

The  Metal  Industry''  said,  in  May.  1!>P.>:  "We  can  now  repeat 
with  more  emphasis  what  we  said  in  an  editorial  last  October:  *  The 
electric  furnace  has  arrived." 

The  importance  of  the  development  of  electric  brass  furnaces  will 
be  made  clearer  by  considering  the  savings  possible  by  their 

:  Electrometallurgy  In  1919:  Chem.  and  Mel    Rag.,  rol.  22,  1980,  P 

"Richards,  J.  w.  Electrochemlpl  vol.  74.   1919,  p    992                    tlso 

Parsons,  P.  W.,  Brsrybody'i  busin  lorroa  !  Bat    ttree    Posl     rol.  191, 
1920,  Jan.  24,  pp.  89 

;, ,  n  ;•  Furnace  pn               Metsl  imi.   *        IT.   1919,  p.   290 

I,,  tri<  in-  Itli             nfl  rroui  Indnstrj !  Iron  I              106, 
1920,  p.  I 
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ARY  SAVING  POSSIBLE  BY  ADOPTION  OF  ELECTRIC  BRASS 

MELTING. 

og  due  to  the  adoption  of  electric  brass  melting  will,  of 

with  the  conditions  and  the  location  of  the  plant,  but 

trie  melting  had  progressed  so  far  that  all  melting 

>lectricalrj  ig  the  war.     In   1917,  according  to 

Board,  3,000  pounds  of  brass  and  broi 

low  brass.    To  produce  this,  at  least  a  third 

and  crop  ends  had  to  he  melted.    The  total  melt 

ite  I  at  1,430,000,000  pounds. 

M-  ere  high  during  the  rush  of  war  production,  and  it 

.       I  .j.  bablethat  the  melting  loss  with  electric  furnaces  would 

less  than  with  crucibles,  so  that  the  saving  would 

.  i   28,500,000  pounds  of  metal.     This  lost   metal  was 

an  average  price,  for  rolling-mill  spelter,  of  11 
!-!:t  partly  copper,  with  an  average  of  31  cent-.11    On  the  as- 

g   1  j   per  cent  zinc  and  J  per 

.  the  ave  te  of  the  lost  metal  was  then  16  cents 

ring  in  metal  alone  was  $4,500,000.     As  crucibles 

both  higher  than  ever  before,  an  equal  amount,  at 

should  l>e  allowed  far  savings  through  not  using  crucibles  and 

-    '   0,000  through  savings  in  labour,  or  a  total  of 

Tli.    domestic    consumption    of   copper   rose    from    1,316,463,754 

.  ;;  to  1,800,000,000  pounds,  or  thereabout,  in   UH.s.  and 

oduction  doubtless  increased  in  about  the  same  propor- 

ioiiirl.  to  offset  the  slightly  lower  prices  of  zinc,  about   L0 

copper,  about  26  cents.18    Crucibles  and  labor  still  re- 

isonable  to  figure  that  if  all  brass  made  in  the 

ould  have  been  melted  electrically  in  1017  and  1918  the 

country    would    have    been    reduced    some 

In  L919,  when  th$  domestic  consumption  of  copper  was  800,000,000 

.,,„!  brona  :  •  600,000,000  pounds,  and 

opper  using  plants  was  over  twice  that  figure, 

[arv  metals.    The  total  melt  to  produce  thai 

;li.d  bronze  may  be  assumed  as  B00,000,000  pounds. 

L9X9  price  ol  copper  as  l'.'l  and  thai  of  zinc  as 

,,,1  the  metal  -  to  be  made  by  electric  melt- 

bnaucklei     I     HI  torj  of  | 

it.  1019    ,,.  B62      '  dwtry 

p    Log  L920  p   110. 

,i    I  ml.,  vol.   i  p    220. 


WORK  OF  THE  BUREAU  OF  MIXES.  11 

ing  taken  as  1J  per  cent,  or  about  (5,000  tons  (sav  4,000  tons  of  zinc 
and  2,000  tons  of  copper),  the  preventable  loss  of  metal  figures  out  as 
more  than  a  third  of  a  million  dollars.  This  figure  is  based  only  on  the 
net  saving  of  metal  and  does  not  include  the  money  saved  by  the 
avoidance  of  the  need  of  recovering  from  the  slag  and  ashes  much 
metal  that  has  thus  to  be  recovered  in  fuel-fired  practice.  The  saving 
due  to  reduction  of  gross  loss  is  not  far  from  that  due  to  reduction 
of  net  loss.  Add  to  these  savings  those  due  to  savings  in  crucibles, 
fuel,  and  labor  and  it  appears  that,  roughly  speaking,  under  peace- 
time conditions  the  country  will  save  annually  two  or  three  million 
dollars,  perhaps  more,  by  going  completely  over  to  electric  brass 
melting.  Under  the  conditions  of  low  production  and  low  metal 
prices  prevailing  in  the  latter  part  of  1920  and  during  1921  the 
saving  would  be  less,  but  over  a  term  of  years  it  would  average  at 
least  the  figure  given.  Whether  any  particular  plant  is  so  situated 
that  it  can  save  part  of  that  sum  for  itself  by  using  electric  furnaces 
or  whether  it  is  one  of  the  small  minority  so  situated  that  electric 
melting  would  cost  more  than  clinging  to  the  older  methods  is  a 
question  to  be  answered  only  by  careful  consideration  of  the  location 
of  each  plant  and  the  conditions  there.  It  is  hoped  that  this  report 
may  aid  in  answering  the  question. 

SAVINGS  DUE  TO  MORE  HEALTHFUL  CONDITIONS. 

Besides  the  readily  recognizable  saving  in  dollars  and  cents  due  to 
electric  melting  there  is  another  saving  less  easily  calculated,  but  no 
less  real.  The  electric  furnace  is  cooler,  cleaner,  and  gives  less  zinc 
fume  than  older  methods  of  melting.  One  rolling  mill  that  has 
changed  completely  to  electric  melting  has  had  no  case  of  "  brass 
shakes"  since  the  fuel-fired  furnaces  were  abandoned,  and  the  num- 
ber of  severe  burns  has  been  greatly  reduced.  On  account  of  the  cooler 
and  cleaner  working  conditions,  the  elimination  of  much  hard 
manual  labor,  and  the  avoidance  of  zinc  fume  the  electric  furnace  is 
no  small  factor  in  improving  the  comfort,  health,  and  safety  of  the 
workmen.  It  was  this  point,  no  less  than  the  possibilities  of  the 
electric  brass  furnace  as  a  factor  in  the  conservation  of  our  natural 
resources,  that  caused  the  Bureau  of  Mines  to  undertake  its  investi- 
gation of  melting  brass  in  electric  furnaces. 

WORK  OF  THE  BUREAU  OF  MINES. 

The  actual  work  of  the  Bureau  of  Mines  on  electric  brass  melting 
began  in  September,  1912,  nt  a  field  office  established  at  Morse  Hall. 
Cornell  University,  Ithaca.  X.  Y..  where,  bv  the  courtesv  of  the  uni- 
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.  the  excellent  facilities  of  the  electric-furnace  laboratory  and 
other  laboratories  of  the  department  of  chemistry  were,  through  a 
operative  agreement,  made  available  for  the  work  of  the  bureau. 

The  work  has  been   in  three   phases:    (1)    Collection  of  data,  for 

■  n.  on  the  performance  of  fuel-fired  brass  furnaces,  which 

6  been  published  as  Bulletin  7-V4:  ('2)  experimental  work  to  show 

whether  zinc  losses  could  be  reduced  by  electric  melting,  without  re- 

1  to  the  question  of  whether  or  not  the  type  of  furnace  used  was 

likely  to  be  commercially  useful,  which  showed  that  the  losses  could 

materially  reduced,  and  finally  (.'*)  attempts  to  find  out,  through 

laboratory   tests,   inspection   of  commercial   furnaces,  attendance  at 

menial  tests,  and  collection  of  data,  what  different  types  of  elec- 

furnaces   have  done  or  may   be  expected  to  do  under  various 

conditio 

The  preliminary  work  on  zinc  losses  was  done  mainly  in  crucible 
fun  first,  because  they  were  easier  to  handle  on  an  experimen- 

tal  basis  for  the  purpose  in  view,  and,  second,  because  it  seemed 
ble  to  start  with  an  electrically  heated  furnace  of  a  general 
e  with   which,   in  fuel-fired  form,  all   foundrymen  are  familiar. 
Some   "t"   the   preliminary   work  was  reported15  at  the   1914  meet- 
of  the  American  Institute  of  Metals.     The  early  work  was  eon- 
1   mainly   to   brasses  high   in   zinc,  because  the   possibilities  of 
!    -;i\iiiLr   were   greatest   for  those   alloys   and  because,   at   the 
then  prevailing  for  coke,  coal,  fuel  oil,  metals,  and  crucibles, 
clear  that  the  cost  of  electric  power  being  higher  than  that 
«»f   fuel   made  necessary  the  development  of  electric  melting  to  a 
>\'  perfection  before  it  could  compete,  on  a  cost  basis, 
with  fuel  where  the  alloy  melted  was  low-  in  zinc  and  little  saving 
.  metal  could  be  expected. 

'I  lie  outbreak  of  the   European  war,  with  the  subsequent  rise  in 

<»f  metals,    fuel,   and   crucibles — the  latter  accompanied  by  a 

rked  decrease  in  quality — altered  conditions  materially  and  gave 

eXJH  eater  incentive  to  cany  on  and  complete  their  work. 

-t   of  crucibles  had   risen  to  unprecedented  heights,  the 

elimination  of  crucibles  made  possible  so  great  a  saving  that  electric 

ting  in  Doncrucible   furnace-  became  applicable  to  red  brass  and 
tive  of  the  metal  livings. 
e  time  users  of  fuel-fired  furnaces  made  every  effort 
mil  t1  |  crucible*  to  alloys  thai  absolutely  required  them. 

M\    used  in  ni'-lt  iriLr  yellow  brass,  but  open 

.    i.w  furr.  In     !».«•    United     States;     Hull      T.'{.     BureaV    «>f 

pf  iii  electric  brass  furnace*.    Toil  paper 

i.,  i..   included  in  a  i»tiii<'tin  <>f  the  Bureau 
i  tii.    Institute.     Bee  Trans,  Am.  int. 
^,  1014.  .  roL  12,  1011,  p.  047. 
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flame  oil  furnaces  very  largely  displaced  crucibles  for  melting  red 
brass  and  bronze,  the  determining  factor  being,  of  course,  the  zinc 
content  of  the  alloy. 

When  the  United  States  entered  the  war  these  conditions  became 
even  more  altered  from  those  prevailing  in  1912  to  1914.  Economy 
in  materials,  labor,  and  money  outlay  was  not  only  commercially 
desirable,  but  became  a  patriotic  duty.  As  a  result  during  the  war 
the  development  of  electric  brass  melting  received  great  impetus. 
The  bureau's  interest  in  the  work  increased  as  the  problem  from 
being  mainly  one  of  conserving  zinc  and  promoting  health  and 
safety  in  foundries  came  to  include  the  imperative  need  of  pro- 
ducing munitions  and  essential  war  materials  more  cheaply  and 
rapidly. 

The  bureau's  work  included  the  laboratory  development  and  semi- 
commercial  testing  of  the  rocking  type  of  furnace,  which  has  been 
brought  into  commercial  use  bv  the  Detroit  Electric  Furnace  Co. 
that  is  licensed  under  Bureau  of  Mines  patents  to  manufacture  and 
sell  it.  The  work  on  the  rocking  furnace  has  been  related  fully,16 
and  reference  to  that  furnace  in  this  report  will  be  confined  mainly 
to  the  performance  of  the  commercial  installation  of  this  type  made 
since  the  bureau's  experiments  were  finished. 

The  Bureau  of  Mines,  besides  doing  experimental  work,  has  been 
privileged,  through  the  cordial  cooperation  of  inventors  and  makers 
of  electric  furnaces,  of  their  users,  and  of  central  stations,  to  collect 
much  data — by  attendance  at  tests,  by  inspection  of  furnaces  in  com- 
mercial operation,  as  well  as  by  correspondence — on  the  operation  of 
most  of  the  various  types  of  electric  brass  furnaces  now  in  use.  on 
many  of  the  discarded  types,  and  on  those  still  being  developed. 
Some  data  already  have  been  reported  briefly.17 
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DIFFERENT  TYPES  OF  ELECTRIC  BRASS  FURNACES. 

1  different  types  or  different  makes  of  the  same 
f  furni  I.  tried,  or  suggested  for  melting 

aluminum,   or   nickel   alloys.      These   are 

,1  the  order  in  which  they  are  described  in  the 

ide  in  the  text  of  types  as  well  suited  to  melting 

ay  of  those  in  the  list,  many  of  which  are 

purely    "paper    fa]  bat    probably   never  existed   except  in 

If   th(  ;'t    specifications,   however,   defi- 

..r  the  furnace  i  !  for  melting  brass  instead  of 

oning  the   melting  of  metals  in  general,  it  has  been 

included.     If  on<  made  by  the  same  person  or  firm  differs 

i  another  only  d  uoi  in  type  or  design,  hut  one  entry 

i.-  made.     On  the  other  hand,  the  same  type  or  design  as  made  by 

differei  I  arms  is  given  a  separate  entry  for  each  make. 

If   .  to    Include   all   the  types  of   furnaces  on   which 

available  and  that  have  been  tried  out  and  aban- 
doned by  rarioufl  workers,  the  list  would  be  increased  materially — 
bably  to  at  li  ed. 


DIFFERENT    TYPES     IF   ELECTRIC    BBASS    FURNACES. 
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Table  2. — Electric  furnaces  designed  or  tested  for  melting  nonferrous  metals. 

CRUCIBLE  FURNACES. 


No. 


Name  of 
desigi 


Tests  of  use  on  nonferrous  alloys. 


Used  or  r. 
by  or  at— 


■  ish- 

ing  features. 


Fit7gerald. 
Baily 


Titanium  Al-    Crucible  lift- 
loys   Mann-  |      out. 
factoring  I 

W.  A.  Rogers   Cruciblelift- 

(Ltd.).  out,  2  pots. 


.do. 


Snvder. 


Crucible  lift- 

ou1   - 


Hutton. 
H  o  s  k  i  n  s 
(Mar 


Bureau    of 
Mines. 

Cadwell 


Detroi 

Ser  &  Brass 
:  oiling 
Mills. 
C  o  m  m  o  n  - 
wealth  Edi- 
son Co. 
English  test... do 


Has  had 
laboratory 

test. 


Granular  re- 
sist or. 

do 


.do. 


Crucible  lift- 
out  . 


Common-    do. 

wealth  Edi- 
son Co.  and 
Bureau  of 
Mines. 


Bureau    of  '  Crucible  lift- 
Mines,  out,  3  pots, 


10 


11 


12 
13 

1» 
IS 

If, 


Crucible  lift- 
out,  2  pots. 


Rennerfell  re-   Cruciblelift- 

verberatory    ■  out,    sev- 

erucible.  cral  pots. 

ral   Elec-     General  Eleo- 1  Crucible  tflt- 
tricCo.  trie  Co.  ing. 

Stansfield do 


Baily 

Bureau    of 
Mil- 

.rial   Car- 
bon Co. 

General 
trie  Co. 

Bailv 


SoUd  molded 

resistor. 

Solid  grid 
resistor. 

Carbon-plate 
resistor. 


Carbon -plate 
resistor  be- 
t  ween  pots. 

Granular  re- 
sistor be- 
low arcs  at 
side  of 
pots. 

Arc  resist- 
ance. 

do 


Y   - 

16 
sizes  and 
m  o  difi- 
cations. 


Yes. 


Has  had 

foundry 

test. 


Present 


!  commercial 
use  in 
I'nited 

Statesman. 
1,  1922. 


No. 


Yes . 


None. 


One  fur- 
nace melt- 
ing silver. 

None. 


None. 


No.. 


No. 


None. 

One  or  two 
furnaces 
melting 
nick  il- 
chr  oni- 
um  al- 
loys. 

Non'e. 


None. 


Bureau    of 
Mines. 


lb... 


il.lberger. 


Electro-Metals 

Co.  <  Ltd 
Morgan 


Detroit  Con- 
ner &  Brass 
Rolling 
Mills. 

General  Ele  • 
trie  I 

N  ili'.r  ii 

lish  test.. 


.do. 


*  '  .ill 


ing  Labora- 
tory.      


.do. 

.do. 


.do. 

.do. 

.do. 


Cranular  re-    ? None. 

r  sur- 
rounding  , 
crucible. 

do Yes None. 

do Yo None. 

None. 

None. 

None. 


.do. 
.do. 


Granular  re- 
sistor he- 
low  cruci- 
ble. 

Solid  silicon- 
grid      re- 
sistor. 

Solid  n 


.do. 
.do. 


v. 


Yes. 


.do. 


None. 

None. 

None. 

Advertised 

for    sale, 
but  prob- 
ably  not 
UM-d. 
None. 


ir> 
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-  i  de*   med  or  tested  for  melting  non ferrous  metal — 

i  tontinued. 

11KAKT11    Fl  UN  ICES. 


M 

n 

M 


M 


,    or  or 
builder. 


1   t  tested 
by  ->rat— 


Type. 


■vWfll. 

Ml... 


Clinpman. 


F  i  t  z  g  e  r  ald- 

Thni;. 

....do 


Thomson . 
lo.... 


B  u  r  oa  u     * » f 


'  oa  ii     of 


:nthal. 


Mr lii  . 


vt 


41 


Bureau     of 


Bali  Inort 

Tul.. 


J  trials. 


.'I... 


General    J 

trie. 


vcrberatory. 


(i 


I 


-«  real  d  aft. 


•   •  pa]  ii  mt 


Resistoi  be- 
low hearth 
('  ■  rbon-rod 
ior. 

do 

e    re- 
sistor. 
Resistor  lay- 
er of  rods. 
Self-sap- 
port  I  n  g 
star. 
Zlgsag  re- 

resfj  ■ 
Tubular  zip- 
zap 
tor. 
Carbon-rod 
resistor. 

Resistor 

Cat  bon-plate 
[  s  t  o  r 
■  bead. 
C'arboriir  - 
cluni      r«- 
ristor. 
Carborun- 
dum   1 1 
or  be- 
•  n  two 

:  ths. 

Carborun- 
dum   re- 

Carborun- 
dtun    re- 
tor  a 

overhead. 
Granular 

'or  in 

troni 
Granule!  re- 
or     in 
cin 
igh. 
Granul  u  re- 

r       in 
U'li  I 
Iron, 

tap  i 
fun 
Granulai  re 
i  ior      in 
light 

!l  OV61 

.'111. 
Lid  re- 


f  use  on  nonferrous  all-  j  s. 


Distinguish* 

.lures. 


St  cam. 


Has  had 

laboratory 
test. 


Yes. 


Pump      for      NO. 
Stirring. 

Yes . 


Y. 


Gyrating ?. 

Rotating....  ?. 


Rocking  . . .     Yes. 


Rotating....  ?... 
Yea 


5  i 


Ye 


I   trili 


Has  had 

foundry 

test. 


No. 
No. 
? 


No. 
No. 
No. 


No. 
No. 


No. 


No. 


No. 


No. 


Yes. 


Yes,    oq 

1 1  umi- 
iiumand 
zinc. 


Y(    ... 


Y, 


l  - 


Pre* 

commi 

use  In 

United 

Statr^ 
J,  I 


None. 

None. 

None. 
None. 

None. 

None. 

None. 
None. 

None. 

None. 

None. 


None. 


None. 


Wide 

82    fur- 
nace^. 

None.  Sue- 

rullj 

ii  ed    r 

II  II  II  e:i  I  - 

bog    fur- 
None. 


'.i  furnace 
of    both 


2  on  | 
all' 

not.. 
,  s    or 

bra 
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Table  2. — Electric  furnaces  designed  or  tested  for  melting  nonferrous  metal — 

Continued. 

HEARTH   FURNACES— Continued. 


No. 


50  f    DeNnlly- 
Grainmont. 


51 
52 
53 

"•4 

55 
56 

37 

56 

SO 

60 

61 


62 


66 
I 


Name  of 

designer  or 

builder. 


Used  or  tested 
bv  or  at — 


Snyder Several  users.. 


Greaves- 
Etchells. 

Bureau    of 

Mine.-. 
Wile 


Bennett. 


Hoskins  Man- 
facturing 
Co. 

Bureau    of 

Mines. 
Several  trials.. 

Scovill  Manu- 
fac  luring 
Co. 

French  test .  . . 


Tests  of  use  on  nonferrous  alloys. 


Type. 


Direct  arc. 


Distinguish- 
ing features.      Has  had 
:  laboratory 
test. 


Von  Schlegell- 
Fle'eher. 

Moldenke 


Weeks 


Shipton. 


Weeks  and 
Hansen. 


Indianapolis... 
Stassano  type  . 

Stassano-Peti-  | 

not. 
Bureau    of  , 

Mines. 

Rennerfelt ' 

Re-pel-arc 

(von    Schle- 

gell). 
Bureau     of 

Mines. 


Detroit . 


(?) 
General  Elec- 
tric Co. 
(?) 

Bureau   of 

Mines. 
Several  users. . 
do 


.do. 


Yes. 


.do. 


Slag  resis- 
tance. 

Contact  re- 
sistance. 

Direct  arc. 


Direct  arc, 
then  in- 
direct arc. 

Indirect  arc. 


Glass  slag. . . 
Low  voltage. 


Large    elec- 
trodes. 


Yes . 
Yes. 
Yes. 


.do. 


Charge  pre- 
heated bv 
fuel. 


No. 


Shelf  over 
arc. 


Bureau  of 
H ines and 
Michigan 
Smeli 
and  Refin- 
ing Co. 

Many  users do 


.do. . 

.do. . 

.do 

.do 

.do 

.do 

.do Repel  linj 

arc. 


Yes ,  on 
copper 
onlv. 

No...* 


Yes. 
Yes. 


(?) 


do. 


Rocking. 


.do. 


.do. 


Universal Jos.     Brenner    do... 

&  Co. 
Tooth Man\   user.- do Rotating. 


American. 

Moore 

Reardon.. 

Volta 


Colby-Kjellin 
ty; 


Spencer. 
KJeUin. 


C) 


.  .  .do Revolving.. 

.do do 

Rocking — 
T  I  tan i urn    do.  Gyrating... 

Bronze  Co. 

Several  trials..    Induction...    Horizontal 

ring. 


Pierce   Arrow    do. 

Motor  Car  Co. 
English  test do. 


.do. 

.do. 


Yes. 

Yes. 
Yes. 


Yes. 


No.. 


(?) 


No. 


Yes. 


Present 

commercial 

use  in 

United 
Statesman. 

1,  1922. 


6  on  nickel 
or  cobalt 
alloys,  2 
on  leaded 
bronze. 

1  on  nickel 
alloy-- . 

None. 

None. 

7  large  fur- 
nac' 

None  in 
United 
States. 

None. 


None. 
None. 

None. 

None. 
None. 

None. 

None. 

8  furnaces. 
G  furnaces. 

See  No.  62. 


Yes Wide   use 

60  fur- 
n  a  C  6  B, 
most  ly 


Yes. 


large. 
None. 


Yes Consid- 
erable 
u  s  e  ,  40 
fur: 

most  ly 
small. 

None. 

None. 


No 

None... 

No No 

...     None 


No.... 

No.. 

No 


None     ex- 
i  l  on 
oick 

None. 

None. 
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i'i  or  *'  melting  uonferroua  metal — 

Continued. 

HE  \ktii   FURNACES     •  w  tinned. 


N    . 


n 


■ 


■ 


builder. 


Koechliiig-Ro- 
ohauser. 


URUf . 


Brophy 


Clark. 


.  oc  tested 
r  at— 


Type. 


Halt  imore 

melting 

d  Rolling 
to. 


Induction... 


.do. 


.do. 
.do. 
.do. 


I  i|-U 

.lures. 


AJax-Northrup 


General    EJec- 


i'inch  effect. 
Indm 
...do 


users. 


Handy  and 
Uarmo: 


.do. 
.do. 


rent 
tag. 

ki  1  - 
chromium 

.  tor. 


Horizon  t  al 
ring . 


Horizontal 
ring  with 
modifica- 
tions. 

do 

...do 

do 

Resistor 

tul  I 
Vertioal 
ring. 

airing 
with 

\  ertia  -1  sing 
v  uh  modi- 

a   fre- 
(|  ii  i 
cum 


rroua  alloys. 


Has  had 
test. 


(?) 


Yes. 
Yes. 

( 

Yes. 
( 

Yes . 


(?) 
(?) 
(?) 


(?) 


(?) 


.     for 
alun 


Yes. 


I  Lac  bed 
foundry 


■J  es. 


No. 


No. 
No., 


(?) 


Yes. 

No.. 


yes. 

No.. 


Yes. 


e  In 
United 
3tat<  i 
>»  Lfl 


None. 


None. 


None. 

None. 
None. 
None. 

None. 

None. 


98  fun 

None. 


9  on  t . 
gold 

Ml. 

None. 


trlcal  brass  furnace,  mad<    bj    Wm.   Swindell  &  Bros.,  Prttsbu 
Pa.,  was  adrrertli  mercial  use  ):it»-  in  1921,  but  no  description  i- 

avalla 

I  held  by  different  people  or  different  ideas  held  by 

produced  80  ot  more  forms  of  electric  I1 
fun  ffhicb  at  Least  50  bave  been  actually  tested  in  melting 

per,  brass,  or  bronze.    Some  of  these  never  completed  the  first 

mercial  use  by  scores  of  firms  have  melted 
huge  tonnages  of  metal. 
Ti.  !'  furnaces,  therefore,  represent  the  fruit  of  a 

it,  of  experiment  and  of  commercial  elimina- 

of  the  Unfit     Thifl  pi  of  development   and  elimination   \ 

'  the  |  electric  brase  furnace,  though  it  may  be 

•  i  in  tfa  i  ill  nonexistent    ( 'rude  as  all  I  may 

d  til-  light  of  future  developing  nts,  there  ar<    i    •  ral  types  that 

line  and  are  ready  for  foundr 

OBJECT  OF  THIS  REPORT. 

I       object  of  tli  Id  :  First,  t<>  collect  all  n< 

mation  available  on  what  commercial  furnaces  are 
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doing  and  can  do,  in  order  that  the  prospective  user  may  have  data 
for  forming  a  decision  as  to  whether  to  install  any  electric  furnace 
and  for  selecting  a  type  of  furnace  fitted  to  his  requirements;  second, 
to  show,  by  description  and  by  data  on  experimental  tests,  the  gradual 
evolution  of  the  present  commercial  types,  and  by  including  informa- 
tion on  failures  as  well  as  successes  to  save  future  workers  in  this 
field  the  labor  of  following  the  steps  of  previous  workers. 

Another  object  is  to  point  out  some  of  the  fundamental  principles 
in  the  design,  construction,  and  operation  of  electric  brass  furnaces. 
Part  of  the  information  in  this  report  has  been  published  before, 
but  it  was  written  chiefly  from  one  viewpoint  or  in  connection  with 
some  particular  furnace.    This  report  considers  the  subject  broadly. 

THEORETICAL  ADVANTAGES  OF  ELECTRIC  MELTING. 
The  study  of  the  various  furnaces  will  be  facditated  by  first  con- 
sidering the  theoretical  advantages  of  electric  brass  furnaces.    These 
advantages  are  as  follows: 

1.  Melting  may  take  place  in  a  neutral  or  reducing  atmosphere, 
thus  minimizing  loss  of  metal  by  oxidation  and  improving  the  quality 
of  the  product  through  freedom  from  oxides. 

2.  Metal  of  crucible  quality  may  be  obtained  without  the  use  of 
crucibles. 

3.  Melting  may  take  place  in  a  tightly  closed  chamber,  or  at  least 
in  one  free  from  the  constant  passage  of  the  products  of  combustion 
of  fuel,  and  thus  losses  of  volatile  metals  such  as  zinc  and  lead  may 
be  reduced.    Contamination  by  sulphur  from  fuel  is  avoided* 

4.  In  some  types  of  electric  furnaces  the  temperature  may  be  more 
readily  controlled  than  in  fuel-fired  furnaces. 

5.  In  some  types  of  furnaces  the  molten  metal  is  thoroughly  stirred, 
thus  giving  a  uniform  product,  even  with  large  heats. 

G.  There  is  no  handling  or  storage  of  fuel,  such  as  coke.  coal,  or 
oil,  and  no  ashes  have  to  be  removed.  The  cost  of  power  can  be  accu- 
rately predicted  over  longer  periods  than  the  cost  of  fuel. 

7.  Working  conditions  about  the  furnaces  are  less  dangerous  to 
health  and  safety  of  workmen,  provided  suitable  types  of  furnaces 
are  chosen. 

8.  The  above  advantages  may  be  obtained  in  furnaces  of  larger 
capacity  thai:  can  be  use<|  satisfactorily  in  the  fuel-fired  crucible  type-, 
with  resulting  greater  uniformity  of  product,  lower  labor  cost,  and 
increased  production. 

There  is  no  occult  or  mysterious  effect  on  the  metal  from  its  hav- 
ing been  "under  the  influence  of  electric  Whatever  improve 
ment  in  quality  results  is  largely  due  to  the  fact  that  electric  heat  is 
"clean"'  and  permits  the  avoidance  of  oxidation,  etc  1 1*  one  could 
find  a  brick  that  would  absorb  enough  heal  to  do  the  work,  heat  it. 
drop  it  into  a  crucible  charged  with  brass,  and  cover  the  crucible. 
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thus  melting  the  metal  by  the  heat  stored  in  the  brick,  be  would  molt 

the  brass  under  about  the  same  conditions  as  with  an  electrically 

heated  crucible.    The  action  of  an  electric  furnace  is  no  more  mys- 

ous  than  that  of  the  hypothetical  brick.    The  electric  current  is 

\   as  a  means  of  producing  heat,  and  no  subtle  alchemistie 
influence  is  exerted  on  the  metal. 

Tl  era!   opinion  of  users  of  electric  bras>    furnaces  seems  to 

he  that  the  average  product  is  no  better  and  no  worse  than  the  metal 
:u  a  well-operated   fuel-fired  crucible  and  that,  owing  to  melting 
in  Larger  unit-  and  to  the  use  of  furnaces  that  mix  the  charge  thor- 
_:dv.  the  product  i-.  in  general,  more  uniform.    On  account  of  the 
uniformitj   of  electrically  melted  metal  the  Bridgeport   Brass  Co. 
n  -  that  electric  furnaces  make  better  condenser  tubing  and  per- 
mit  closer  working  to   specification   as  to   analysis.     As  the  uni- 
nity  from  perfect  mixing  in  the  electric  furnaces  used  by  this 
firm  would  naturally  decrease  the  danger  of  electrolytic  attack,  the 
.111  of  superior  quality  seems  justified,  though  it  is  probably  a 
-uperior  a  quality  rather  than  an  improvement  over  the  best 

crucible   product.     Claim-  are  sometimes  made1*  that  the  physical 
pertdes  of  electrically  melted  cast  brass  are  slightly  superior  to 
those  of  brass  melted  by  fuel,  but  the  advantage  claimed  is  so  slight 
I  it  might  a-  readily  be  due  to  such  factors  as  differences  in  pour- 
temperatnree  as  to  actually  improved'quality  of  the  metal. 
At  any  rate,  it  is  not  evident  that  anyone  is  relying  enough  on  the 
added  ilectrically  melted  metal  to  have  the  courage  to 

down  the  cross  section  and  weight  of  castings  made  from  it. 
i    •  I ■:•  ctric  Steel   furnace  can  take  cheap,  low-quality  scrap 

and,  by  the  use  of  refining  -lags,  can  make  a  high-grade  product. 
islly  no  analogous  refining  of  nonferrous  metals  can  be  done  in 
trie  brass  furnaces,  though  the  ability  of  the  electric  furnace  to 
iid  turnings  with  lees  metal  loss  than  crucibles  may 
permit  the  use  of  cheaper  materials  by  allowing  an  in* 

D  the  proportion  of  borings  U  <    I.     There  seems,  however,  to  be 

ueral  impression  that  electric  steel  of  a  given  analysis  is  better 

crucible  -tec]  of  the  same  analysis,  though  this  point  is 

-till  open  t<.  ion.    A  superiority  similar  to  thai  alleged  for 

pled  ~t  for  electric  bmss.  but  its  definite  proof  is  even 

ther  from  being  complete.    In  fact,  there  have  been  cases  where 

ally  melted  metal  has  not  seemed  to  be  ac  satisfactory  as  that 

.1  crucibles,  though  in  other  very  similar  circumstances  it  bas  been 

found  to  be  just  as  good. 

illeged  pes  for  the  superiority  of  electric  bri 

idit    up    by    furnace    makers,   such    as   the 

i.    i  •         ,      ',     mi  tint  nonferroui  mot;ilH:  Jour.  Cleve- 

land Eng.  Soc..  toI.  11,  1 
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possibility  of  carrying  the  furnace  to  the  mold  and  pouring  from  it 
direct,  which  might  be  practical  in  some  cases,  but  is  of  extremely 
slight  importance  in  any  discussion  of  the  general  advantages  of 
electric  brass  melting. 

PRACTICAL  ADVANTAGES  OF  ELECTRIC  BRASS  FTJRNACES. 

The  real  reason  for  the  rapidly  growing  use  of  electric  brass  fur- 
naces is  a  highly  practical  one.  Such  furnaces  properly  chosen  for 
the  work  in  hand,  in  a  large  majority  of  cases,  can  produce  metal  of 
satisfactory  quality  at  a  lower  total  melting  cost  than  fuel-fired 
furnaces.  They  save  metal  and  labor,  they  increase  production,  they 
eliminate  crucibles.  The  value  of  these*  factors  overbalances  the 
interest  charge  on  the  high  first  cost  of  the  electric  furnace  and  the 
higher  cost,  compared  with  fuel,  under  most  conditions,  of  the  elec- 
tric current  required. 

Not  every  foundry  is  so  situated  that  electric  melting  is  cheaper 
than  melting  by  fuel,  and  neither  electric  furnaces  in  general,  nor, 
still  less,  any  particular  type  or  make  of  electric  furnace,  can  be  advo- 
cated as  a  panacea  for  all  nonferrous  melting  problems.  A  careful 
consideration  of  plant  conditions  and  of  the  performance  of  all  types 
of  electric  furnaces  operating  under  similar  conditions,  as  far  as 
such  operation  can  be  found,  is  essential  before  deciding  to  change 
from  fuel-fired  to  electric  furnaces. 

When  such  a  careful  consideration  of  conditions  is  made,  how- 
ever, it  is  evident  that,  taking  the  brass  industry  as  a  whole,  the 
economic  conditions  so  strongly  favor  electric  melting  that  it  is 
probably  only  a  matter  of  time,  and  not  a  very  long  time,  before 
such  melting  will  become  standard  practice  for  brass  and  bronze. 
Already  the  use  of  electric  furnaces  is  growing  at  a  more  rapid  rate 
in  the  brass  industry  than  during  the  analogous  period  in  the  his- 
tory of  the  steel  industry,  and  the  ratio  of  the  tonnage  of  electric 
brass  to  the  total  tonnage  is  already  much  greater  than  that  of 
electric  steel  to  the  total  output  of  steel.  There  are  almost,  if  not 
quite,  as  many  electric  furnaces  installed  for  melting  nonferrous 
alloys  in  the  United  States  to-day  as  there  are  for  electric  steel. 

DIFFERENCES  BETWEEN  BRASS  MELTING  AND  STEEL  MELTING. 
Consideration  of  theoretical  advantages  and  of  the  high  state  of 
perfection  that  the  electric  furnaee  has  attained  for  melting  steel 
might  give  the  impression  that  the  application  of  the  electric  si 
furnace  to  the  melting  of  nonferrous  alloys  is  a  simple  matter, 
and  that  because  of  the  lower  melting  points  of  brasses  and  bronzes 
their  melting  should  be  simpler  than  that  of  steel  If  certain  physi- 
cal properties  of  molten  steel  and  of  molten  hrass  he  considered, 
however,  it  will  he  seen  that  steel  and  hrass  offer  two  distinct  gets 
of  conditions. 

,;s723°— 22 3 
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TYPES  OF  STEEL  FURNACES. 

A  »rding  to  Miller.1""  on  January  1.  1917,  out  of  L55  electric!  stool 
furnaces  in  the  CFnited  States  and  onl  of  171  in  the  world  the 
proporti<  i         the  different  types  were  as  follows: 

!  <>'  electric  steel  furnaces  in  the  United  States 
and   in    the   world. 


Diro!  1 

arc, 

[ndirecl      Induc- 
arc.         tion. 

Per  ( 

69) 
89 

Per  a  n'.    Percent. 
20               10* 





9                  2 

Out  of  Borne  400  electric  steel  furnaces  in  the  United  States  and 
aadfl  l9  only  four,  or  1  per  cent,  are  induction  furnaces.     About  5 
Qdirect  arc  the  other  94  per  cent  being  direct-arc  fur- 
<  )ut  of  some  150  furnaces  in  England  only  four  are  induc- 
tion Sua 

DRAWBACKS  OF  STEEL  FURNACES  FOR  BRASS  MELTING. 

urnacee  oi  the  ordinary  horizontal-ring  type  will  not 

.  bronze,  or  similar  copper  alloys;  their  electrical  rcsist- 

e  i-  so  low  that  in  order  to  introduce  enough  power  for  melting 

the  current  mii-t  be  90  high  that  the  "  pinch  force  "  20  comes  into  play 

and  the  conducting  ring  of  metal  no  longer  stays  in  place  in  the  fur- 

EJi         the  only  types  of  steel  furnaces  that  might  be  adapted 

without  material  change  are  arc  furnaces. 

B  i  the  temperature  pf  the  carbon  arc  is  about  3,500°  C.,21  and 

the  boiling  points  of  various  pure  metals  are  given  as  follows: 

Boiling  points  of  rations  pure  metal*. 


Boiling  point. 


Metal. 


Boiling  point  . 




Zinc 


1,330 
930 


•'■•  R    i  .,  oiling  point.-.  <»f  in'  i  iraday  Hoc,  vol.  7,  pi.  '-'. 

ire  and  volatility  of  teveraj  blgb-bolllng  metala:  .lour. 
I    I- ..  Th"  in  order  of  their  boding 

1907,  i>    L41. 

tnperatnrei :  Ztacbr.  anorg.  Cbem.,  vol. 
;•:     L919    op    B04 
*  ».  |  I  ':.tili/.:iiioii    in    :ish:i.v- 

i.   i     ...   1920  ■   \i,  1.  and  I  ben    I  L920, 

•  hi   load  :   Snppi.  iii'-nt    Society  for 
)«•<  1  Lndnstrj  :  Iron  Age,  vol.  107,  1921,  p.  «>•>. 

"IlTlr  inch    phi  n  :    'Inu  trOChem.    Soc,    vol.     11,     1007. 

a  Burjcesa,  O.  K.,  Measurement  of  hi  Kb  ten  1912,  p.  454. 
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In  a  direct-arc  steel  furnace  the  arc  is  in  contact  with  metal  or 
with  a  comparatively  thin  layer  of  slag.  Probably  there  is  very  little 
volatilization  of  iron  in  such  a  steel  furnace,  as  the  conduction  of 
heat  through  the  molten  metal  probably  suffices  to  keep  all  save  a 
very  small  portion  of  the  bath  below  the  boiling  point;  neverthe! 
when  ferromanganese  is  remeited  in  a  furnace  of  the  direct-arc  type 
there  is  a  high  loss  of  manganese,  unless  the  voltage  of  the  furnace 
is  so  low  that  it  runs  more  as  a  resistance  furnace  than  a  true  arc 
furnace.22  Hansen23  found  a  notable  volatilization  of  copper  in 
a  direct-arc  steel  furnace  for  melting  pure  copper,  and  similar  results 
have  been  reported  by  other  observers;  but  lower-melting  copper 
alloys  have  been  melted  in  direct-arc  furnaces  with  no  trouble  from 
copper  vapor. 

The  approximate  boiling  points  of  copper-zinc  alloys  are  shown 
in  figure  l.24  It  seems  probable  that  if  a  direct-arc  steel  furnace 
were  used  for  melting  a  true  copper-tin  bronze  there  would  be  little 
loss  by  volatilization,  because  the  boiling  points  of  both  metals  are 
high.  For  alloys  containing  much  lead  or  antimony  some  loss  might 
be  expected,  and  for  alloys  of  copper  with  much  zinc,  such  as  yellow 
brass,  the  loss  would  be  decided. 

This  is  brought  out  still  more  clearly  by  Johnston,25  who  shov. 
that  the  partial  pressure  of  zinc  vapor  at  1,200°  C.  is  about  two  and 
one-half  atmospheres  for  60;  40  brass,  two  for  65:35,  and  one  and 
one-half  for  TO  :  30. 

For  nickel  or  cobalt  alloys  not  containing  zinc,  such  as  Monel. 
nichrome,  chromel,  and  Stellite.  the  types  of  furnaces  used  for  steel — 
direct  arc,  indirect  arc.  and  horizontal-ring  induction — are  suitable, 
and  all  these  types  are  used.  Nickel  brass,  or  German  silver,  how- 
ever, more  closely  resembles  brass  and  is  not  melted  in  the  steel- 
making  types. 

Indirect -arc  furnaces,  in  which  the  are  is  struck  over  the  metal. 
but  in  fairly  close  proximity  to  the  bath,  should  show  less  loss  by  vola- 
tilization than  direct-arc  furnaces.  However,  as  hot  molten  metal  Lb 
lighter  than  colder  molten  metal,  and  as  the  arc  must  be  above  the 
bath,  there  is  a  possibility  of  the  production  of  a  superheated  suri 
layer  of  metal  on  top  of  the  bath,  directly  under  the  arc.  so  that  the 
boiling  point  of  the  alloy  may  he  exceeded  in  this  layer  and  vola- 
tilization losses  ensue. 

22  Rodmliaiisi-r.  W„  Perromangan  als  Deaoxydationsntittel,  1910,  i>    v,'>. 

23  Hansen,  C.   A.,   Copper   poisoning:   Met   Chem.  •».    1011,   p.   67  ;    Electric 
melting  of  copper  and              Trans,  Am.  Tnst.  Metals,  vol.  6",  1912,  pp,  122   I 

"Reprinted  from  Ball.  7.".,  Bureau  of  Min< •-.  Bgare  2,  i>.  129. 

"Johnston.  J..  The  volatility  of  the  constituents  of  br;ts<  :  .lour.  Am.   I  mis,  vol. 

12,  1918,  p.  20. 
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It  will  be  shown  later  that  the  applicability  of  the  direct-arc  and 
indirect-arc  types  of  steel-melting  furnaces  to  brass  is  limited  for 
alloys  with  volatile  constituents — just  as  the  theory  would  indicate — 
and  that  to  extend  electric  melting  to  such  alloys  it  has  been  neces- 
sary to  develop  types  of  furnaces  radically  different  from  those  in 
use  for  steel  melting. 

TYPES  OF  COMMERCIAL  ELECTRIC  MELTING  FURNACES  FOR 

STEEL. 

All  electric  furnaces  generate  heat  by  the  flow  of  current  through 
a  resistor,  which  may  be  solid,  liquid,  or  gaseous.  The  gaseou- 
resistance  furnace  is.  however,  an  arc  furnace,  which  is  the  first  sub- 
division usually  made  in  the  classification  of  electric  furnaces. 

If  the  arcs  are  drawn  from  carbon  electrodes  directly  to  the  ma- 
terial to  be  heated,  the  furnace  is  a  direct-arc  "furnace.  If  the  arc- 
are  drawn  to  a  slag  or  to  a  material  that  has  a  relatively  high  re- 
sistance, the  direct-arc  furnace  may  become  a  combination  arc- 
resistance  furnace.  In  general,  the  arc  heating  so  overbalances  the 
resistance  heating  that  the  latter  is  negligible.26 

On  the  other  hand,  if  the  arc  voltage  is  very  low  the  resistance  of 
the  bath  may  be  considerable  in  comparison  with  that  of  the  arc. 
In  the  extreme  case  the  voltage  may  be  so  low  that  there  is  no  true 
arc,  but  merely  a  sort  of  contact  resistance  between  the  electrodes 
and  the  bath. 

In  practically  all  the  arc,  arc-resistance,  and  contact-resistance 
furnaces  at  least  one  electrode  hangs  vertically  and  its  lower  end  is 
in  close  proximity  to  the  bath. 

Direct-arc  furnaces  may  be  (a)  single  phase  with  one  top  elect  rode 
and  one  bottom  electrode  making  direct  contact  with  the  bath 
(  Siemens,27  Snyder,28  Massip  28a) ;  (b)  single  phase  with  two  top  elec- 
trodes (Heroult29);  (c)  polyphase  with  two  or  more  top  electrodes 
and  one  bottom  electrode,  which  may  be  in  one  piece  or  in  several 
(Girod,30  Mathusius,31   Snyder,32   Gronwall-Dixon,"   Greaves  Etch- 

38  Rodenhauser.   W..   and    IVhniMWI,   J.,   translated   by   vom  Baur.   C.    II.    [Electric   fur- 
nan 's  in  the  iron  and  steel  industrial],  1917,  ]».  80. 

27  Siemens,  W.,  English   Patent    2,110  of   1870. 

28  Snyder,  F.  T.,  T".  S.   Pati  nt   1,167,020,  Ian.    J.   1016. 
*»  Massip,  G.,  U.  S.  Patent    1,080,840,   Dae.  0,    LOIS. 
»  Heroult,  T.  L.  T.,  T\  B.  Patent  707,776,  Aug.  26,   l 

"Girod,  P.,  U.  S.  Patent  021,228,  May  11.   1909;  Bock,  C.  C,  The   B  a    n>-ton 

Oirn.l   steel   furnace:  Trans.  Am.   BlaetroeheBi.   BOC.,    POl.   SI,    1017,   !• 

Koflenhaneer,  W.,  Ferromangau  *U   I  latiopemlttei,  1015,  p.  50 

p industrial  Blectric  Furnace  Co.,   Electric   Fura 

F.    T.,    L.    S.    Patent     1,827,11  I  1020. 

■Crowley,  7.  a..  The  GramralliPixoi  Furnace:  Foundry,  \«.i    14,   :  187; 

Irtxon,  J.  L.,  U.  B.  Patent   1,18*  LO,   1016, 
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B     -tli-Hall. -•  Moonv57  \Yobb.s  Keikr ™)  ;  (d)  poly- 

-  .  :     .  .   or  more  top  electrodes,  no  boitofla  Electrode  (Heroalt^ff 

m  l):iui\'"  Prie0*DiKQta4f  Snyder,*8  Masera,4'' 

). 
In  '  lectrode  that  electrode  may  be  of  con- 

ducting1 material,  such  as  carbon  or  metal,  or  may  be  oi  i   second- 

;<>r:  thai  ;-.  one  that  conducts  only  when  hot,  as  magnesite. 

i  furnaces,  or  resistance  furnaces  structurally  sitn- 

arc  furnaces,  the  examples  are  fewer.    They  include  the 

and  tilting/0  and  the  Schemxuan  and  Bronn.50    Of  in- 

din  bgrnacee,  with  the  arc  struck  between  carbon  electrodes 

tetaJ  batb,  th  i  examples  are  the  Eennerfelt,61 

two-  .  and  £  .  three-phase. 

A  -trie  steel  practice  is  given  by  Diller.53 

The    various    induction    Eurnaoes   that   have   had   commercial   use 
.    Prick,    Koechlin<r-I\odenhauser)    are   described   by 
nhaui  5      aeoawfc"  and  by  vom  Banr.-"' 

w..  and  -  t.,  translated  t»y  vom  Baur,  C  II.,  work  cited, 

«  j.  Foundry,  vol.  41.  1918,  p.  839. 

"B  The  Booth-Hall  electric  furnace:  Trans.  Am.   Klectrochem.   Soc.,  vol. 

toraacef  made  in  the  United  States,  September,  1919, 
pp.  .May  20,    1919. 

•  lectric  Furnace  Bulletin  No.  40,  19IT,  p.  10. 
trie  fun    •  i    1914  ed.  p.  223. 

analated  by  vom  Baur,  work  cited. 
59,  Dec.  23,   ! 
*    -         ill.  R.  V  p  in  thp  electric  furnace:  Foundry,  vol.  4T>,  1017,  p.  859. 

H      ■        vr.m  Banr  arc  fnrnact  :  Trans.  Am.  Electrochem.  Soc,  vui.  ."..;, 
181  i  ,411,  July  26,   1921. 

44  \.'  :i<-  furnaces  made  la  fba  Unitad  Stated,  p.  11. 

*■'  industrial  enl  :  Foundry,  vol  48,  192.0,  Feb.  15,  p.  <U. 

.   1019. 
v.   1919. 

010. 
'  *    I9i3. 
•Bcbeu.mann,    v  -n.,   •!..    0.    &    Paten!    l  ,056> 4 ."•<;,    Mar.    is,    L91Sj   aee   also 

mittel.      1915,  ;>.  26. 
0<  i.  21,  ::u::  j  rom  Baur;  fa  n.,  The  (tenner 
ret  99;  )'^'-.  p.  4'.>7  :  Romk  rfeH 
i    ..•,'■...  i,<  m.   Woe,    ral   tl,    L917,   i>     -<:    Boden- 
.   by   vom   Baur,  C.  11.,  Blectllc   tu.   I    ■•  ■  in   iron 

"Slav  4.    12,     ]'»<».-,;     1.  P12; 

\\\.  and 
■ 

,nr.t<<    practice  :  Eton  itj,  tot   '7.   1919,  ;>. 
:    ••      <••  .i    ...    .<:•..  I    a     I.    rtrl<    furnaces  f<.i   production  of  ateel  and  ierro  altoya :  Qen. 

trie  foi  tae      for  ateai   toun<] 

F.lri'N  miifh.    I.     f.      The   petition   <»f   th.-   .Ii-dri. 

7.    1920,    |»    C,l  J. 

ted,  p.  1  !'•'>  IT. 
u  Vom   F'.aur    C    fi  luctloo   farnacp*   f->r   rteel :   Trans.    Am.    EHectrochaa 
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A  recent  modification  made  by!  the  General  Electric  Co.  is  described 
by  Unger  and  Scharschii.5'5 

Of  all  these  various  types  and  makes  of  steel  furnaces  only  two — 
the  Snyder  and  the  Rennerfelt — have  had  appreciable  commercial 
application  to  brass  or  bronze,  and  the  use  of  these  two  is  strictly 
limited  to  alloys  low  in  zinc.  Other  types  and  makes  are  used  in 
melting  nickel  alloys. 

TYPES  OF  BRASS  FURNACES. 

A  grent  variety  of  designs,  many  of  them  markedly  different  from 
steel-furnace  design-,  have  therefore  been  tried  or  suggested  for  brass 
and  bronze,  as  has  been  shown  in  Table  2. 

Electric  brass  furnaces  should  be  considered  first  as  brass  furnaces 
and  second  as  electric  furnaces;  that  is.  the  user  is  concerned  with 
quality,  rate  of  production,  and  cost  of  production  rather  than  with 
kilowatt  hours,  power  factor,  load  factor,  volts,  and  amperes. 

The  electrical  characteristics  of  the  furnace,  however,  affect  its 
reliability,  its  efficiency,  and  thus  its  operating  cost,  as  Avell  as  its 
desirablity  as  a  load  for  the  power  plant  or  the  central  station,  and 
therefore  should  be  considered.  For  this  reason  electric  brass  fur- 
naces have  to  be  classified  not  only  in  regard  to  their  behavior  as 
brass  furnaces  but  also  in  regard  to  the  means  by  which  they  gen- 
erate heat  from  the  electric  current.  They  will  be  discussed  under 
the  following  heads : 

A.  Crucible  furnaces  (with  few  exceptions,  of  the  carbon  resistance 
type)^ 

a.  Lift-out. 

b.  Tilting. 

B.  Hearth  or  noncrucible   furnaces. 

a.  Carbon   resistance,   radiated -heat  type. 

b.  Arc  furnaces. 

I.  Smothered  arc. 
II.  Direct-arc  type. 

a.  Stationary  furnace. 

1.  Open  arc. 

2.  Arc  {o  slag  or  >!a<r  resistance. 

3.  Low-voltage  arc  or  contact  resistance. 
p.  Moving  furnace 

III.  Indirect-arc  type. 

a.  Stationary   farnai  e 
8.  Mo\  big  furnaces. 


M  T'njrcr,  M.,  and  Scharschii,  C.  .v..  v  u   type  "f  induction  electric  furnace:   [ron 
vol.   108,   1921,   p.     .1  I 
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Internal  metallic  resistance   furnaces. 
2.  Horizontal-ring  induction, 
p.   Pinch-force  resistor. 
-;.  Vertical-ring  induction. 
8.  High-frequency,  eddy-current  induction. 

OPERATION  OF  ELECTRIC  BRASS  FURNACES  DOES  NOT  REQUIRE 

AN  ELECTRICAL  ENGINEER. 

Although  constant  reference  has  to  be  made  to  electrical  terms  in 
xibing  electric   brass    furnaces,  and  these  terms  are  defined  in 
t.  there  should  be  no  misconception  as  to  the  amount  of 
electrical   knowledge  necessary  for  the  operation  of  electric  brass 
foraao 
One  does  not  have  to  be  an  electrical  engineer  to  understand  the 
at i<m  of  an  electric  furnace  any  more  than  one  has  to  be  an 
automotive  engineer  to  understand  the  operation  of  an  automobile. 
!    types    of    commercial    electric    brass    furnaces    have    been 
•  1    regularly   and    satisfactorily   by   ne<^ro   crews.      Even   the 
superintendent  of  a  brass  foundry  using  electric  furnaces  need  con- 
oern  himself  hut  slightly  with  the  purely  electrical  side  of  the  installa- 
tion.    An  electric-furnace   load  is,  generally  speaking,  so  desirable 
■  utral  electric  generating  station  that  the  station,  if  consulted 
in  the  choice  and  during  the  installation  of  the  furnaces,  will  gladly 
supply  all  needed  electrical  advice.    Central  stations  on  the  lookout 
for  desirable  loads  have  contributed  much  to  the  development  of 
the  commercial  use  «»f  electric  brass  furnaces. 

If  the  electric  furnace  is  built  and  installed  by  a  furnace  maker 

who  "  proper  combination  of  electrical  engineering  knowledge, 

furnace  experience.  ;iik|  acquaintanceship  with  brass  melting 

and  bra--  foundry  problems— the  last  factor  is  by  no  means  the  least 

important— he  should  be  able,  dining  the  time  he  spends  in  teaching 

mdry  force  to  run  the  furnace,  to  imparl  to  them  all  the  clec- 

d  knowledge  necessary.    With  (he  engineers  of  the  local  central 

•   i  *   in  the  solution  of  problems  thai  might  arise 


-   nf  metallurgical   electric   furnacea : 
1919,  p  -".77;  The  i"  bu  "f  electric  bran  melting; 

.;         v  iil'*>,   1216;  Electric  i  mss  melting  from  the  central-eta 

9    [915,  p.  805;  I  L    The  pr< 

if  (  .  ntiiii  Station  Balei    Han 

tion     Elec.  Bev.,  eol.  74,  U>10,  p    799  ; 
I  rial   tonndi  I  ;'''1.   p.    1022 ;   Smith, 

trie  companj     Trane. 
,     1920    p    7<n  ;   w  i  \  ,   Blectric  power  from  the 

i    .    i  ro<  hem.  Boc.,  rol.  87,   1920,  p 
a  centra]  itatlon  load    Gent  ral  Electric 
. 
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in  their  field,  no  foundry  need  refrain  from  installing  an  electric 
brass  furnace  merely  because  its  force  does  not  include  an  expert 
in  electrical  theory. 

TERMINOLOGY   AND   FUNDAMENTAL  ELECTRIC   PRINCIPLES   OF 

ELECTRIC  FURNACES. 

In  describing  and  discussing  electric  furnaces  it  is,  however,  neces- 
sary to  use  certain  electrical  terms,  and  in  order  to  comprehend  the 
action  of  the  furnaces  some  of  their  governing  principles  should 
first  be  understood.  These  terms  and  principles  are  given  below, 
briefly;  rigid  definitions  are  not  attempted.  For  further  details 
standard  works  should  be  consulted.58 

An  electric  furnace  is  a  device  in  which  electrical  energy  is  changed  into  heat. 

An  electric  current  is  a  flow  of  electricity.  It.  can  not  be  exactly  defined. 
It  is  measured  in  amperes,  which  give  the  rate  of  flow  of  the  current. 

Direct  current,  or  D.  C,  is  current  that  flows  in  one  direction  only,  as  in  a 
storage  battery.    It  is  not  used  in  any  electric  brass  furnace. 

Alternating  current,  or  A.  C,  is  a  current  that  flows  first  in  one  direction  and 
then  in  the  other.  All  electric  brass  furnaces  except  one  utilize  alternating  cur- 
rent. The  rate  at  which  alternating  current  reverses  its  direction  is  the  fre- 
quency or  periodicity  of  the  current.  Usually  alternating  current  is  60-cycle; 
that  is,  it  reverses  its  direction  60  times  per  second ;  25-cycle  is  sometimes,  and 
40-cycle  rarely,  used.  High  frequency  current,  as  used  in  only  one  furnace,  may 
go  up  to  25,000  cycles.  This  one  furnace  may  also  use  oscillatory  current  in 
which  a  discharge  gap  is  used,  through  which  current  flows  at  short  intervals. 
While  the  current  flows  it  oscillates  back  and  forth.  The  oscillatory-current 
system  for  this  one  furnace  requires  condensers,  which  are  devices  for  the  stor- 
age of  one  type  of  electric  energy. 

An  electric  circuit  is  the  path  of  the  current.  The  unit  of  electric  current  is 
the  ampere. 

M  Stansfield,  A.,  Electric  furnaces  as  applied  to  nonferrous  metallurgy :  Jour.  Inst. 
Metals  (British),  vol.  15,  1910,  p.  301;  The  electric  furnace,  1914  ed. ;  Rodenhauser. 
W.,  and  Schoenawa,  J.,  translated  by  vom  Baur,  C.  H.,  Electric  furnaces  in  the  iron  and 
steel  industry,  1917  ed. ;  Roland,  A.  I.t  Applied  electricity  for  practical  men,  1910  ed. ; 
Fowle,  F.  F.,  Standard  handbook  for  electrical  engineers,  sect.  19 ;  Kent,  R.  T.,  Me- 
chanical engineers'  pocketbook  ;  Marks,  L.  S.,  Mechanical  engineers'  handbook,  sec.  14  ; 
Lyon,  D.  A.,  and  Keeney,  R.  M.,  Electric  furnaces  for  making  iron  and  steel  :  Bull.  07. 
Bureau  of  Mines.  1910,  144  pp.  :  Lyon.  D.  A..  Keeney.  R.  M.,  and  Cullen.  .1.  P.,  The  electric 
furnace  in  metallurgical  work  :  Bull.  77,  Bureau  of  Mines,  1910,  210  pp. ;  Seede,  J.  A.,  Bleo 
tric  furnaces:  Gen.  Lice.  Lev.,  vol.  11,  1914,  p.  653;  Electric-furnace  control,  vol.  13, 
1910,  p.  501;  Society  for  Electrical  Development,  Industrial  heating  as  a  central-station 
load,  pt.  1,  Electric  furnace:  Bull.,  1917;  St.  John,  II.  M.,  Electric  brass  melting,  its 
progress  and  present  importance:  Elec.  Jour.,  vol.  16,  1919,  p.  373;  The  evolntion  of  tbo 
electric  brass  furnace:  Iron  Age,  vol.  105,  1920,  p.  1223;  Trans.  Am.  Electroehem.  Bee., 
vol.  37,  1920,  p.  101;  The  influence  of  the  electric  furnace  on  the  metallurgj  of  the  non- 
ferrous  metals:  Trans.  Am.  Electrochem.  Soc,  vol.  40,  1921  (not  yet  published)  ;  Snyder, 
E.  T.,  A  B  C  of  iron  and  steel.  Chapt.  XVIII:  Lie.  trie  steel.  1015,  p.  253:  West,  C  1  . 
The  electric  furnace  as  applied  to  metallurgy  (Bibliography,  1900—1919):  Trans.  Am. 
Blectrochem.  Soc,  vol.  37,  1920,  p.  Kil  ;  AeJeesea  Graphite  Co.,  Bhun  melting  (pamphlet)  : 
Aug.,  1920;  B.  M.  J.,  Electric  furnaces  for  brass  inciting:  Mech.  World  (Manch< 
England),  vol.  07,  1920,  pp.  5,  105,  198. 
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The  pott  is  the  unit  of  electrical  pressure  and  is  the  electrical  analogue  of 

hj  virosi.au-  head  in  tluids.     The  coUuih    is  the  measure  of  the  force  that  urges 
the  current  bo  flow. 

transmitted  with  the  least  loss  at  high  voltages,  hence  much 
e  transmission  is  done  at  voltages  as  high  as  66,000  volts  or  more. 
ssioD  voltages  from  near-by  central  stations  are  usually  6,600,  4,400,  or 
;s.    The  voltage  used  on  the  electric  brass  furnaces  themselves  is  much 
r,  being  usually  Dot  over  lL'0. 

Is  the  rate  of  use  of  electrical  energy  and  Is  measured  in 

thousand  watts  equals   1    kilowatt    (fcw.)'.     A   furnace  is  rated    in 

ans  as  to  its  ability  to  absorb  power.    Electrioai  energy  is  that  which  is 

trans  I  into  heat  in  the  electric  furnace.     It  is  electrical  power  used  for  a 

lit-  time  and  is  measured  in  watt  hours,  or  in  commercial  furnace  work  in 

kilowatt  hours  ikw.  h.).    A  kilowatt  hour  is  the  unit  by  which  electric  energy 

I  me  kilowatt  hour,  for  furnace  use,  usually  costs  between  1  and  2 

kilowatt  hour  equals  3,412  B.  t.  u. 

Po  lor  t  P.  1  •".  i  is  a  number  uot  greater  than  1,  by  which  the  apparent 

o  ts  "  be  multiplied  to  give  the  real  power  (watts). 

YA  here  tlie   pows  Easts*   Is    unity,    voltsXamperesXl,000=kilovolt   amperes 
i  kv.  a.) ^kilowatts.    Where  it  is  less  than  unity,  voltsX amperes X  1,000 X power 
.r=kilovolt  nmperesX  power  factor=kil<>watts.    The  power  factor  is  always 
unity  with  direct  I  urrent  ;  it  Is  nearly  unity  in  most  resistance  furnaces,  seldom 
•  •trie-furnace  leads,  is  usually  around  0.80  to  0.1)0   (usually  written 
tl  or  NJ  t<>  00.  1<K»  being  taken  as  unity  power  factor)  in  arc  fur- 
naces, and  is  likely  to  fall  lower  in  induction  furnaces.    It  is  sometimes  denoted 
I  '. -ntral  Station!  usually  charge  a  "  penalty  "  in  their  power  hills  when 
,;   toff  falls  belOW  To.     Most  electric  induction-motor  loads  have  a 
pow  r  not  much  above  70,  so  that  electric-furnace  loads  are  usually  better 

trml  station  than  many  motor  loads.     A  low  power  factor  does  not 
ore  water  mu-t  flow  through  a  turbine  or  more  coal  be  used  in  the 
Of  the  power,  hut  it  means  that  more  amperes  flow  through  the  cir- 
Ires  and  bigger  generating  machinery  are  required  to  carry  this 
excess  current  that  does  not  become  changed  into  heat  in  the  furnace. 

Al  a  osually  so  generated  and  transmitted  that  more  than 

'in.    Each  branch  of  these  currents  is  called 

a,     Common  arcial   alternating  current  is  three  phase,  carried   on 

.      Two  <  "ins.   carried   on   either   three   or   four  wires,    are 

ft,  hut  the  three-phase  three-wire  system  is  most  common.    In 
three,  Currents  travels  on  two  of  the  wires,  or,  when  connected 

.  on  all  three  w . 

i  Is,    Single-phase   power — may   be   taken   off   of   two 

wires.      Unless  an    equal   amount    i<   taken   off  of  the  other  two    phi  I    the. 

the  full  capacity  of  the  three-phase  generator  will  Dot  i>.>  utilized. 
it  variable  l<  taken  off  of  one  phase  of  a  small  generator,  the 

,r  will  aot   be  stole  to  maintain  proper  conditions  on  the  other  two 

load   that    can   he   taken   off   a    three-phfl    B 

of  the  generating  or  distributing  ..\  item,     in 

r/stem  a  :»iK>-kw.  single  phase  load  is  not  often  ob  'hie. 

r,,.n  power  from  one  small  generator,  a  much 

urna  might  he  impossible  to  handle.    Most   plants  that. 

melt  brass,  bowever,  take  their  power  from  i  atlng  Bystema  thai  can 

nan,;  !.       Furnaces  seldom  draw 

Teal   majority  of  such    fum  Ogle   phase,   as   they 
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are  electrically  simpler.  A  few  two-phase  furnaces  are  used,  but  very  few 
three-phase  brass  furnaces  are  now  in  commercial  operation.  In  steel  fur- 
naces the  situation  is  just  the  reverse,  the  vast  majority  being  three  phase, 
only  a  few  being  run  on  two-phase  or  single-phase  systems. 

The  power  used  in  a  balanced  three-phase  three- wire  system  is  not  3 X  volts  X 
amperes X power  factor,  but  Y3X volts X amperes X power  factor.  Three-phase 
power  can  be  transformed  to  two-phase  by  a  special  connection  of  the  trans- 
formers known  as  the  Scott  connection  and  the  three-phase  load  still  kept 
sufficiently  balanced.  Three-phase  power  can  not  be  transformed  into  single 
phase  and  keep  the  three-phase  load  balanced  save  by  the  use  of  a  three-phase 
motor,  single-phase  generator  set. 

A  transformer  is  a  device  having  primary  and  secondary  coils  by  which  power 
at  one  voltage  and  amperage  is  changed  without  much  loss  into  power  at  an- 
other voltage  and  amperage;  for  example,  a  transformer  may  take  6,G(K>-volt 
current  at  34  amperes  on  the  primary  and  deliver  it  to  a  furnace  at  110  volts 
and  2,000  amperes  on  the  secondary.  The  transformer  may  have  several  taps, 
from  each  of  which  a  different  voltage  may  be  taken.  An  autotransformer  is  a 
type  adapted  for  use  when  little  change  of  voltage  is  needed. 

Current  is  carried  on  conductors,  where  its  conversion  into  heat  is  not  desired, 
and  carried  through  resistors  where  it  is  to  be  so  converted. 

Conductors,  such  as  copper,  allow  current  to  pass  readily;  resistors,  like 
crushed  carbon,  allow  it  to  pass  with  difficulty  and  generation  of  heat  results; 
and  insulators,  such  as  cold  porcelain,  practically  do  not  allow  current  to  pass 
at  all,  though,  strictly  speaking,  there  is  no  perfect  insulator. 

The  resistance  of  a  material  through  which  current  flows  is  the  opposition  it 

presents  to   that  flow.     Resistance   is  measured   in   ohms.     Amperes=— olTs 

ohms 
(Ohm's  law). 

The  resistance  of  metals  increases  with  increase  of  temperature,  while  that 
of  the  nonmetallic  conductors,  as  carbon,  graphite,  carborundum,  and  most 
liquids  other  than  molten  metals,  decreases  with  increase  of  temperature.  Some 
insulators  become  resistors  or  even  conductors  (sometimes  called  second-class 
conductors)  when  heated,  as  magnesite.  It  is  usually  necessary  to  heat  to 
redness  or  above.  The  resistance  of  these  materials  falls  with  increasing  tem- 
perature; they  belong  to  the  class  of  nonmetallic  conductors. 

Conductors  used  to  carry  the  current  to  electric  furnaces  may  be  wires,  cables, 
or  bus  hiirs,  according  to  their  size  and  shape.  Leads  is  a  general  term  for  large 
conductors  carrying  heavy  curr<  nts  to  furnaces. 

The  current  is  brought  into  and  taken  out  from  the  furnace  itself  by  electrodes, 
which  make  connection  between  the  leads  and  the  resistor.  The  latter  may  lie 
gaseous — that  is.  an  arc — a  solid,  or  a  liquid.  The  end  of  an  electrode  where  it 
joins  the  resistor  is  hot  ;  where  it  joins  the  lead  it  is  cool.  Electrodes  for 
commercial  brass  furnaces  are  usually  graphite  or  carbon,  rarely  copper;  if 
the  electrodes  are  copper  they  are  molten  where  they  join  the  resistor  and  are 
water  cooled  to  keep  them  solid  where  they  join  the  Leads.  Graphite  electrodes 
are  also  usually  water  cooled  at  this  point.  All  electric  furnaces  except  induc- 
tion furnaces  require  electrodes. 

Resistors  may  be  solid,  liquid,  or  gaseous.  The  filament  in  an  Incandescent 
lamp  and  the  vapor  in  a  mercury-vapor  lamp  are  resistors.  A  furnace  using  a 
vapor  as  a  resistor  is  an  arc  furnace.  In  a  direct-arc  furnace  the  are  is  drawn 
from  an  electrode  directly  to  the  material  to  he  melted  or  io  other  materia!  on 

top  of  it.    In  an  indirect-arc  furnace  the  are  is  drawn  from  one  electrode  to 
another,  but  not   to  the  material  to  he  heated.     In  either  type,  with  carbon  Of 
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-funs  resistor  is  largely  carbon  import  derived  from 
Iks  electrode,  which  is  therefore  slowly  used  up.  it  may  also  contain  the  vapor 
from  any  other  sufficiently  volatile  Mitral nl  m  the  nnlctibdrkaofl. 

a  strictly  re$i»tanm  funuuc  has  a  solid  or  Liquid  resistor.  Furnaces  with 
liquid  resistors  usually  fall  into  other  classes  as  well,  so  that  a  resistance 
fill  MID  usually  BSSanfl  one  with  a  solid  resistor.  The  resistor  may  ho  divided 
into  and  the  contact  resistance  between  the  parts  may  ho  sluch  greater 

than  tin  ince  of  tin'  solid   material,  as  granular  resistors  and   resistors 

made  of  pllea  of  carfooo  plates.     The  resistance  of  a  conductor  or  resistor 
Incn  -  the  length  Is  Increased  <>r  as  the  cross  section  is  decreased.    The 

heat  in  a   resistor   (or  in  a  conductor)   is  proportional  to  the  square 

of  the  current    and   directly   proportional  to  the  resistance,  as  well  as  to  the 
time  ti  •  ases:   Heat  =  (current )2X  resistance  X time  (Joule's  law). 

■  factor  being  disregarded)   power  is  the  product  of  current  times 

-"-kilowatt  furnace  could  take  2,000  amperes  at  100  volts  or  4,000 

amperes  at  50  volts,    There  ere  always  some  losses  from  heat  generated  by  the 

current  outs  furnace  in  leads  and  electrodes.     As  the  heat  thus  gener- 

proportiona]  to  the  square  ol  the  current,  the  higher  the  current  and 

Lower  t  the  harder  it   is  to  keep  these  losses  low.     Other  things 

I  :al.  a  furnace  With  ■  high  voltage  and  a  low  current  has  an  advantage 

one  of  low  veitaire  and  high  current.    On  the  one  hand,  the  voltage  must  he 

kept  tea  be  dangerous  to  life,  preferably  sot  more  than  220  volts. 

tin  the  other  hand,  the  current  mud   be  low  enough  not  to  necessitate  large 

and  •  Lectrodea  lar  holding  the  current  density  sufficiently 

the  furnace  to  prevent  Mb  of  power  hy  heating. 

I  '//  is  the  amperes  per  unit  (square  inch)  of  cross  section  of  a 

resistor  doctor.     Current    density    is    usually   around   500   amperes  per 

square  Inch  in  copper  conductors  and  100  to  200  amperes  per  square  inch  in 

graphite  eh  At   very  high  current  densities  in  large  leads  the  current 

<>n  the  outer  parts  of  the  lead  and  less  in  the  center.    This 

is  called   the  **  skin   ei:  If  the  current   density   is  high  enough,   as  5,000 

amp  T   Square   inch,    in    an    induction    furnace,   a   conductor,   like   brass, 

An  induction  furnace  is  a  type  of  transformer  in  which 
mdary  one  coil   only,   this  being  the  charge  itself.     The 

B  resistor,  SO  that  an  Induction  furnace  is  a  form'  of  resistance 
fun 

D  of  current  in  the  secondary  of  an  induction  furnace  or  of  a 
presence  of  a  magnetic  field  containing  Hnei  of  force 

in  the  vicinity  of  a  conductor;  that  is  the  primary.     With  each  change  of  direc- 
tion of  an  alternating  current  this  magnetic  field  ceases  to  exist  and  is  then 
]  i     /////•  in  the  magnetic  Held  makes  the  lines  of  force 

pass  across  the  lecondary,  and   in   passiir_r  they  induce  or  generate  current 
in  the  sccondar  gnetlc  field   i--  strongest— that  Is,   the  lines  of   I 

<!ier— ;it     p  tie    primary.       The    secondary,    therefore, 

d  :is  to  cut   nil   possible  lines  of  force. 
•    without    being   cut,    t!  apittg   lines    do    no 

trorl  ■        pparent  •  n  from  the  primary  is  less  than  the  real 

a  transformer  or  Induction  furnace  that 
alio-  !  r  factor,  less  than  unity,  and  some- 

a  fun  i  factor  I 

In  •    the  lltte  '  of  force  to  take  a  regulated  path  an  iron 

interlink  the  primary  a'  mdary,  since  the  magnetic 

flux  y  hi  Iron   than  in  air. 
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Proximity  of  leads  carrying  heavy  currents  to  structural  ironwork  or  other 
iron  tends  to  cause  loss  of  energy  through  magnetic  and  other  losses,  may 
affect  adversely  the  power  factor  of  the  whole  furnace  installation,  and  may 
even  make  impossible  the  transmission  of  the  proper  amount  of  power  to  the 
furnace.  The  mutual  effect  of  the  currents  in  different  leads  may  have  a  simi- 
lar effect,  which  can  be  minimized  by  interlacing  the  leads  properly. 

Eddy  currents  or  FoucauJt  currents  are  set  up  in  magnetizable  conductors, 
such  as  iron,  which  are  subjected  to  cyclic  magnetization  by  being  in  the  field 
of  force  of  a  conductor  carrying  alternating  current.  They  flow  more  readily 
in  solid  conductors  than  in  laminated  ones,  so  the  cores  of  transformers  and 
induction  furnaces  are  made  up  of  piles  of  thin  iron  sheets.  Magnetic  eddy 
currents  cause  heating  just  as  alternating  current  does.  They  are  small  in 
magnitude  when  the  frequency  of  magnetization  is  low,  so  eddy-current  losses 
are  usually  not  great  with  ordinary  GO  or  25  cycle  power.  With  high-fre- 
quency current,  around  12,000  to  25,000  cycles,  the  heating  may  be  great,  and 
it  is  utilized  in  one  type  of  electric  brass  furnace.  The  magnetization  set  up  in 
iron  and  steel  or  in  another  conductor  near  a  conductor  carrying  heavy  cur- 
rents may  be  considerable,  so  that  in  the  design  of  a  furnace  and  in  the  instal- 
lation of  the  leads  care  must  be  taken  to  avoid  this. 

When  the  power  factor  is  low,  whatever  the  immediate  cause  may  be,  the  under- 
lying cause  is  the  presence  in  the  circuit  of  reactance.  Reactance  is  analogous  to 
resistance ;  it  impedes  or  tends  to  hold  back  the  flow  of  current  and  makes  the 
waves  of  alternating  current  reach  their  peak  at  a  different  instant  from  the 
waves  of  voltage.  Reactance  may  be  intentionally  added  to  the  circuit  and,  if 
properly  chosen,  may  be  so  proportioned  to  the  resistance  of  the  circuit  as  not 
to  interfere  materially  with  the  flow  of  current  of  a  certain  strength ;  that  is, 
it  does  not  greatly  reduce  the  power  factor  at  that  current  strength,  but  inter- 
feres more  and  more  as  the  current  is  increased,  until  finally  the  current  can 
no  longer  increase.  This  prevents  too  great  surges  of  current  in  the  circuit. 
In  arc  furnaces  the  arc  must  be  started  by  barely  making  connection  between 
the  electrodes,  with  a  poor  contact.  Heat  is  generated  at  this  poor  contact 
until  carbon  enough  is  vaporized  to  form  a  gaseous  resistor ;  then  an  electrode 
is  pulled  out  of  contact  with  the  other  electrode  and  the  current  is  carried 
thereafter  by  the  vapor.  Excessive  current  may  flow  while  the  electrodes  are 
in  contact  if  the  reactance  of  the  circuit  is  low.  In  a  certain  arc  furnace,  nor- 
mally operating  at  about  1,700  amperes,  a  current  of  13,000  amperes  flowed 
when  the  electrodes  were  touched  together.  After  the  Insertion  of  a  little 
reactance  in  the  circuit  the  maximum  short-circuit  current  was  only  4.000  am- 
peres. 

Properly  chosen  current-limiting  reactances  are  useful  in  arc  furnaces,  but 
undesirable  reactance  should  be  avoided  in  all  furnaces  and  especially  in  the 
leads.  This  problem  18,  In  general,  one  tor  the  attention  of  the  furnace  maker 
when  he  builds  and  installs  the  furnace  rather  than  for  the  operator. 

A  short  circuit  is  the  joining,  by  a  path  having  much  lower  resistance,  of 
two  parts  of  a  circuit  which  should  have  considerable  resistance  between  them, 
as  would  result  from  dropping  an  iron  bar  against  two  electrodes  of  an  arc 
or  resistance  furnace.  The  bar  would  allow  excessive  current  to  flow  and  per- 
haps burn  out  the  transformer,  or  cause  other  damage.  Furnaces  should  i>e 
so  designed  that  accidental  short   circuits  can  not   readily  occur. 

Circuit  hrcakcrs  usually  are  installed  to  protect  the  line  against  short-circuits 
or  other  overloads. 

When  two  or  more  things  that  can  carry  current,  whether  conductors,  elec- 
trodes, or  resistors,  are  one  alter  the  other  in  the  same  circuit,   they  are  said 


34  BLECTBIC   BRASS    itiinai  E   'rn.HTH'K. 

when  they  i  by  side  or  so  arvanied  that  the  current 

through  two  or  more  branches,  they  aro  Baid  f«>  be  in  parallel. 
Current    (amperes),  voltage    (volts),  power    (kilowatts),   energy    (kilowatt 
-  .     ■  rador  nu'.y  all  be  measured  by  meter*   (ammeters,  volt- 

.  which,  as  well  as  the  switches  by  which  a  circuit  Is  made  or  cut, 
the  circuit  breakers,  etc,  arc  generally  mounted  on  a  switchboard.    The  meters 
•y  with  the  type  of  furnace,  but  Borne  meters  are  needed  for  the 
>n  of  any  furna 
Danai  -  kilowatt-hour  meters,  may  he  installed  by  the 

the  readings  of  which  the  power  bill  is  made  out,  but  the 
rl   of  the  equipment  of  the  furnace.     The  central 
a  kw.-h.  mister  usually  reads  all  the  energy  for  lights,  motors,  and  fur- 
to  a  plant,  being  placed  on  the  main  feed  line  to  the  plant, 
thus  registering  the  power  used  on  the  high-tension  side  of  the  transfonn- 
nd  including  the  losses  in  them.    They  can  seldom  be  read  as  closely  as 
in  furnace  operation.    Bach  furnace  should  therefore  have 
dividual  kw.-h.  meter  on  Its  own  switchboard.    It  may  be  that  this  meter 
lently  be  ed  to  record  the  power  used  on  the  high-tension 

a    rmer  and  thus  t«»  include  the  losses  <>i  power  in  transformer 
and  it  does  not  show  the  total  amount  of  power  to  be  paid  for. 

•  or  the  centra]  station  in  that  case  should  be  asked  to  de- 
Ti-ru  •  ratio  between  the  readings  el   the  furnace  meter  and  the  total 

rgj  requ  e  pins  the  transformer  and  lead  losses. 

re  provided  with  automatic  electrode  control  in  order  to 
r   of  Operating   the  furnace  and    to   maintain  the  proper   power 
input  purely  electrical   devices  and  their  consideration   in 

vonld  !■  :<t  tOO  f;ir  aiitld. 

. '  teiii!-  used  are  either  self-explanatory  or  will  be 

lailied    when   n.-e-l. 

.-   tin,  ial   principles  of  furnace  design  for  thermal  efti- 

me  for  electric  as  for  fuel-fired  furnaces.    They  will 
t  in  the  di        rion  of  individual  furnaces. 

FACTORS  IN  THE  APPLICABILITY  OF  ELECTRIC  FURNACES. 

ilready  been  pointed  out"  in  regard  to  fuel-fired  furn* 

/•  of  furnace  can  meet  properly  all  the  various  con- 

h  Qonierrous  alloys  are  melted.    It  is  therefore* 

},v  tie  of  data,  to  determine  for  a  given  set  of  con- 

frhethei  electric  furnace  is  preferable  to  fuel  fired 

fun  i  rve;  and  (."»)  how  it  should 

o  produce  th<  i  esult  -. 

i  poini  ler  are         itallurgical  results,  quality,  of 

pcodnd  •  reliability  and  rate  of  production, 

I      ,  ■   <  ;  <  and  naintenaaee.    rJ'hcse 
•h  type  of  furnace. 

n    w  !ii   the  Dai  lain.  ?:'..  i'.hivmm  ..f 

I  rid.,  vol.    IS,    1920,  |>.  •'.]'•» 

■   .,f   metallurgical   electric   furnaces: 
77. 
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CRUCIBLE  FURNACES  IN  GENERAL. 

Xo  carbon-resistor  crucible  furnace  has  had  any  real  success  in 
brass  melting;  all  the  furnaces  commercially  used  are  of  the  non- 
crucible  or  hearth  type.  The  necessary  requirements  for  a  success- 
ful hearth-type  furnace  will  be  given  when  that  type  is  discussed. 

Electric  crucible  furnaces  will  be  described  first,  as  they  were  the 
first  t}Tpe  to  be  tried  out.  The  furnaces  are  not  discussed  in  chrono- 
logical order,  but  in  the  order  of  their  classification  in  Table  2. 

In  nonferrous  melting  with  fuel-fired  furnaces,  crucible  furnaces 
have  been  used  because  they  gave  a  high-grade  product.  There 
is  no  contact  with  fuel,  as  compared  to  a  cupola,  and  little  contact 
with  products  of  combustion,  as  compared  to  the  reverberatory  or 
direct  flame  (oil  or  gas)  furnaces.  Little  surface  is  exposed  as  com- 
pared to  the  reverberatory  type,  and  usually  the  passage  of  products 
of  combustion  is  slower  over  the  exposed  surface.  Avoidance  of  an 
oxidizing  atmosphere  is  fairly  easy,  and  as  the  heating  is  mainly 
from  the  bottom  upward  a  thermal  circulation  which  does  some  mix- 
ing is  started  by  the  rising  of  the  hot  metal.  Crucibles  have  been 
used  for  producing  alloys  of  high  quality,  free  from  oxygen  and 
sulphur,  and  for  melting  brasses  high  in  zinc  in  order  to  avoid 
volatilization  of  that  element.  Metal  losses  in  melting  are  lower  and 
the  quality  of  the  product  higher,  generally  speaking,  than  in  the 
reverberatory  type  of  furnace. 

These  advantages  are  gained  by  sacrificing  speed  of  production, 
by  increasing  the  labor  cost,  because  the  capacity  of  the  average  cruci- 
ble is  small,  and  by  making  the  fuel  cost  high  because  of  the  extremely 
low  thermal  efficiency  of  a  crucible  furnace. 

It  is  improbable  that  electrically  heated  crucible  furnaces  will  be 
I  much  commercially  (1)  because  the  advantage  of  crucible  melt- 
ing in  quality  of  product  can  usually  be  obtained  in  electric  furnaces 
without  using  crucibles;  (2)  because  crucibles  are  fragile  and  costly; 
and  (3)  because  more  energy  is  required  to  melt  metal  in  a  crucible 
than  is  required  to  molt  it  by  applying  the  heat  directly,  not  passing 
it  through  the  crucible  wall. 

One  of  the  fundamental  principles61  in  the  design  of  bras-  fur- 
naces, especially  electric  brass  furnaces,  is  that  unless  some  strong 
reason  forbids,  the  source  of  heat  should  be  as  close  to  the  material 
to  be  heated  as  possible  and  should  be  separated  from  it  (if  it  can 
not  be  in  contact  with  it)  only  by  a.  material  that  will  leasl  resist  the 
flow  of  heat.  For  the  temperature  in  question  a  gaseous  atmosphere 
offers  less  resistance  than  any  solid  or  liquid. 

81  Compare  Johnson,  W.  McA.,  nn<l  Sieger  Q  V.  KloHHr  furnaces,  their  <lr>lsn,  char- 
act.  risti<  *,  ..ml  COmmexdjU  application  :  Met  and  Chcm.  Kiitf.,  vol.  11.  1018,  p  505  J  R*y, 
\v  i\.  nn<\  Kretainger,  II..  Tin-  flow  of  h<-ut  through  furnace  walls:  Bull  81,  Unr-ran  of 
Mines,  1011,  BO  pp. 
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It  is  about  as  reasonable  to  heat  i  brick  bouse  by  building  a  fire 
ost  the  walls  outside  Instead  of  within  the  house  as  to  use  an  ex- 
ternally heated  crucible  for  brass  melting  if  a  more  direct  application 
ssible. 

Another  principle  of  furnace  design  is  that,  as  some  of  the  heal  sup- 
plied is  lost  by  radiation  from  the  walls  or  in  similar  way-,  the  wall 
area  should  be  as  small  as  possible  in  comparison  to  the  volume  of 
1  to  be  melted.     This  object  can  be  accomplished  by  avoiding 
v  within  the  furnace  or  by  increasing  the  size,  and  hence 
the  ratio  of  capacity,  to  the  wall  area  in  a  given  style  of  furnace 
Furnaces  to  take  a  single  crucible  have  small  capacity  in  comparison 
t<»  wall  area,  and  those  to  take  a  number  of  crucibles  usually  have  much 
3pace  inside.    It  is  not  surprising,  then,  that  no  electric  crucible 
fur:  or  brass  lias  proved  commercially  valuable.     This  will  be- 

bvious  as  different  crucible  furnaces  are  considered. 

DESCRIPTION  OF  CRUCIBLE  FURNACES— LIFT-OUT  TYPE  ANP 

THEIR  PERFORMANCE. 

FITZGERALD  FURNACE. 

|  1  • '-'  in  P.-  sribed  a  crucible  furnace  for  experimental 

work  and  in  L315  constructed  one  for  the  Titanium  Bronze  Manu- 
facturing of  Niagara  Falls,  which  is  described  by  Vickers,63 
with  detailed  drawing 

i  - ■:.  ,i     made  to  take  two  No.  50  crucibles,  but  as  the 

projected  above  the  furnace  and  interfered  with  pulling 

the  pots  much  -mailer  pots  were  used,  the  heats  cited  being  of  but  25 

The   furnace  was  set  in  the  ground  like  an  ordinary  pit 

fun  I      re  were  two  cylindrical  melting  holes,  each  15  inches 

in  diameter  by  20  inches  high,  in  which  the  crucibles  were  set:  these 

}„,],  Us     made    of    carborundum     fire     sand     and     a     bond 

amed   into  place,  that   were    Lj   inches  thick  and   were  surrounded 

\  inches  of  crushed  coke  to  serve  as  resistor.     Carborundum  fire 

I  !.,  en  the  annular  resistor  -pace  and  the  lire  brick 

,,:  the  furnace.    The  two  annular  spaces  were  joined,  so  that 

•     •     red  the  furnace  by  one  electrode  ut  each  end,  can  in 
parallel    around    both   side-   of  the  tor   about    one   melting   hole, 

round  the  "thei  tor,  and  out  the  other  electrode  at  the 

0pp  Suitable  heat-insulating  bricks  were 

pl;i  the  aides,  top,  and  bottom  of  t !.«•  furnace,  and  pits 

tch  the  metal  if  a  crucible  broke. 

«]  ,,.    f„r    •  •  I  ml., 

« ^  '  Belting  n.«-<i  I91*i 
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A.   BAILY  8-POT  CRUCIBLE   LIFT-OUT   FURNACE. 


/.'    SMALL   BAILY  CRUCIBLE   LIFT-OUT   FURNACE   USED   FOR   MELTING   SILVER. 
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An  incomplete  log  of  one  day's  run  is  given.  The  power  input 
averaged  about  60  kw.,  being  22  kw.  (120  volts,  190  amperes)  at 
the  start  and  rising  to  8G  kw.  (120  volts,  720  amperes)  as  the  resistor 
became  heated.  The  voltage  was  then  reduced  from  time  to  time  as 
the  furnace  became  hotter  and  the  resistance  of  the  resistor  fell. 

After  two  and  one-half  hours,  in  which  nearly  150  kw.  h.  had  been 
used,  25  pounds  of  copper  was  charged  and  was  melted  in  25  minutes, 
using  about  28  kw.  h.  The  power  was  kept  on  between  heats.  After 
25  minutes,  in  which  about  25  kw.  h.  was  used,  another  25  pounds  of 
copper  was  charged  and  poured  at  1,300°  C.  in  32  minutes,  having 
used  about  30  kw.  h.  The  furnace  was  then  heated  empty  for  1  hour 
and  15  minutes  and  a  heat  of  nickel  (weight  not  given)  charged; 
this  charge  was  poured  1  hour  and  45  minutes  later.  Apparently 
but  one  of  the  melting  holes  is  represented  in  the  log.  The  furnace 
could  not  show  its  true  efficiency  under  such  a  test,  only  25  pounds 
of  copper  being  charged  in  a  furnace  made  to  take  two  No.  50  cru- 
cibles. Seven  and  one-half  hours  and  over  400  kw.  h.  were  required 
to  melt  50  pounds  of  copper  and  an  unspecified  weight  of  nickel. 

The  resistor  developed  hot  spots,  and  the  resistance  of  the  coke 
resistor  changed  from  day  to  day.  Vickers  says:  "The  furnace  is 
not  particularly  efficient  from  a  thermal  standpoint  and  it  is  doubt- 
ful whether  a  granular-resistance  furnace  can  be  improved  to  any 
great  extent.     Some  other  form  should  be  devised." 

GREAVES-ETCHELLS  CRUCIBLE  FURNACE. 

O reaves  and  Etchells64  suggest  a  crucible  lift-out  furnace  for 
three-phase  current.  In  this  furnace  a  granular  resistor  surrounds  a 
refractory  cylinder,  within  which  a  single  crucible  is  set.  Six  elec- 
trodes, suitably  connected  to  the  different  phases  and  separated  by 
blocks  of  nonconducting  material,  so  that  a  uniform  flow  of  current 
in  the  resistor  is  produced,  project  downward  into  the  annular  ring 
of  granular  resistor.  It  is  not  known  whether  or  not  this  furnace 
has  been  constructed. 

BAILY  CRUCIBLE  LIFT-OUT  FURNACE. 

A  small  Bailv  furnace,  made  by  the  Electric  Furnace  Co.,  has  been 
in  commercial  use  in  the  melting  of  silver  at  the  plant  of  YV.  A. 
Rogers,  Ltd.,  Niagara  Falls,  since  1914.  This  furnace  is  a  rectangu- 
lar fire-brick  box  with  two  resistor  troughs,  connected  in  Beries, 
along  the  -ides.  (See  PL  I,  /»'.)  Two  small  crucibles  are  set  on 
small  fire-brick   pedestals  between   the   resistors.     The   furnace   is 

rated  at  40  kw.  and  is  said  to  produce  1,000  ounce-  of  silver  per  hour 
after  the   furnace   is   fully  heated   up,  pr  eight  heats    (16  pots)    in  a 

"Greaves.  H.  a.,  and  Etchells,  II..  British  Patent   115,866  <>r  1017. 
88728  —22 4 
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ln-hour  day.     According  to  Miller,"'  the  power  consumption  is  about 
kw.  h.  per  ton.  aiul  there  are  practically  no  metal  losses. 

FEATURES    OF    FURNACE. 

In  February  anil  March,  L915,  ;it  the  plant  of  the  Detroit  Copper 
and  Brass  Rolling  Mills.  Detroit,  a   Bailj  furnace  was  tested,  which 

the   largest   electric  brass   furnace  built  up  to  that   time.      { 
PI.  I.  A.)     One  of  the  writer.-  was  present  during  this  test. 

The  primary  current,  which  was  single-phase  alternating-current, 

14'  '-volt .  60-cycle,   was   led  to  a   transformer  having  a  series  of  oil 

switches  for  changing  the  transformer  ratios.    The  transformer  volt- 

:■_'.  231,  220,209,  L98,  154, 143,  132,  121. 

The  furnat  e,  which  was  rated  at  200  kw.,  was  set  in  an  excavation, 

with  its  tnp  a  little  above  the  floor  level.    A  rectangular  steel  shell 

:n<_r  approximately  10  by  8J  by  6  feet  and  having  suitable 

stiffening  ribs  inclosed  the  whole  furnace. 

The  fun:  or  was  laid  on  two  courses  of  hollow  building  tile, 

tin-  in  which  were  filled  with  infusorial  earth.     On  this  were 

-inch   courses  of  fire  brick.     The  side  walls  were  of  9-inch 

fire  brick,  backed  by  6  inches  of  loose  infusorial  earth,  and  the  end 

wall-  i  Qch  lire  brick,  backed  by  G  inches  of  loose  infusorial 

\.    Tic-  straight  side  walls  extended  about  1|  feet  above  the  floor 

was  an  arch  9  inches  thick.    In  the  bottom  of  the 

furnace  were  laid  eight  large  fire-brick  slabs  about  4  inches  thick, 

on  which  tic  crucibles  were  set. 

-t or  troughs  were  rammed  in  place  in  wooden  forms  of 
undum  fire  sand  and  water  glass,  and  the  wooden  forms  were 
r  burned  out.     The  troughs  were  9  by  6  by  94  inches,  inside  di- 
me;, and  their  walls  were  about  2  inches  thick.    They  were  sup- 
ed  at  about  1-foot  intervals  by  silica  brick,  by  which  the  bottom 
of  the  Hough  was  raised  5  or  6  inches  from  the  floor  in  order  to  allow 
radiation  from  the  bottom  of  the  resistor.    A  row  of  fire  brick 
3  laid   at   an  angle  aCTOSe  the  joint  between  floor  and  side  wall, 
.<•  lower  edge  of  the  resistor  trough,  to  reflect  the  heat  back- 
chamber,     The  arched   roof.  9  inches  thick,  had   its 
t  above  the  floor  proper  at  the  center  of  the  span.     Four 
in    tie-    roof    about    IT,    inches    wide    by    L'l     feel    long   gave 

.     Aside   from  the  resistor  troughs  and  the 
ipporte  for  them  the  whole  furnace  lining  was  ordinary 

fire  hi  in  red  <la 

T;  about  '',  inches  from  the  fire-brick  side 

]\~.    The  crucibli       ere  placed  about  1  inches  from  the  resistor, 
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about  12  inches  from  the  end  walls,  and  were  6  to  9  inches  apart 
the  short  way  of  the  furnace  and  9  to  12  inches  apart  the  long  way. 

The  tops  of  the  crucibles  were  about  1^  feet  from  the  bottom  of  the 
roof  arch  at  the  center  of  the  span.  The  bottoms  of  the  crucibles 
were  about  4  feet  below  the  upper  steel  shell  of  the  furnace.  The  fur- 
nace bottom  was  built  slightly  sloping  toward  one  end,  and  a  tap 
hole,  plugged  by  a  brick,  was  provided  with  the  idea  of  draining  off 
spilled  metal. 

This  furnace  had  a  volume  of  440  cubic  feet  in  the  walls,  roof,  and 
bottom,  with  a  surface  area  of  390  square  feet.  The  crucibles  and 
contents  occupied  10  cubic  feet,  and  there  was  60  cubic  feet  of  vacant 
space  in  the  furnace. 

ELECTRODES. 

The  electrodes  were  4  by  8  inch  (made  up  of  two  4  by  4  inch) 
carbon,  extended  at  each  end  into  the  resistor  troughs,  and  extended 
outside  the  furnace  into  asbestos  millboard  boxes  m  which  wad 
carborundum  fire  sand.  Flexible  copper  strips  were  bolted  to  the 
electrodes  and  cable  or  busbars  to  the  strips.  There  was  no  water 
cooling. 

RESISTORS. 

The  resistors  were  each  99  inches  long  by  6  inches  deep  by  9  inches 
wide  (dimensions  inside  trough),  giving  in  series  188  inches  of  length 
and  54  square  inches  cross  section.  The  highest  voltage  used  was 
242  at  205  kw. — a  maximum  of  about  1J  volts  per  inch  length  and 
15|  amperes  per  square  inch  of  cross  section.  The  resistor  material 
was  granular  (chip)  Acheson  graphite  of  3  to  G  mesh.  It  was  heaped 
over  the  electrodes.  The  resistor  was  replenished  when  necessary 
through  a  long  iron  spout. 

ROOFS   AND    COVERS. 

The  four  oval  openings  in  the  roof  were  covered  by  four  rectangu- 
lar covers,  about  17  inches  wide  by  30  inches  long  by  8  indies  high, 
consisting  of  fire  brick,  topped  by  kieselguhr,  all  held  in  a  five-side- 1 
steel  box*  with  the  open  side  down.  These  heavy  covers  were 
mounted  on  6-inch  car  wheels  running  on  five  heavy  I-beams  pla<  ed 
across  the  furnace  as  tracks.  The  steel  box  projected  downward 
about  an  inch  below  the  bricks  of  the  cover  and  fitted  into  a  rectangu- 
lar groove  surrounding  the  oval  opening,  into  which  sand  was  placed 
to  form  a  sand  seal.  By  means  of  long  handles  and  a  system  of  tog- 
gle joints  the  cover  could  be  lifted  far  enough  to  char  the  roof,  and 
an  automatic  catch,  actuated  by  a  spring,  held  the  cover  up  so  that  it 
was  free  to  roll  on  the  wheels.     When  I  vet  was  to  he  replaced, 

it  was  rolled  into  the   proper  position   over  the  saud  seal,   and   by 
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polling  a  chain  on  the  handle  the  batch  was  tin-own  out  and  the 

-•  would  drop  into  place.     The  handle  could  be  thrown  hack  out 

the  \\av   in  order  to  get    into  the  furnace  on  the  handle  side  of 
the  Eai  h   cover  thus  served  one  opening  or  two  crucibles, 

•  uhl  he  rolled  either  way. 

CRTJCIBLE8. 

The  crucibles  were  No.  70's,  of  the  same  form  and  size  as  those 

in  coke  furnaces  of  the  plant.    Like  crucibles  for  crucible  steel, 

the\  more  nearly  cylindrical  in  form  than  are  ordinary  fouiidry 

cruc  At  first  only  the  bongs  used  on  coke  furnaces  were  pro- 

1:  the  depth  of  the  electric  furnace,  however,  was  so  great  that 

the  workmen's  hands  were  but  a  few  inches  above  the  furnace  roof 

i.  and   Ionizer  tongs  had  to  be  used.     As  the  roof 

nLr^  only  about    ir>  inches  the  short  way  and  the  crucible 

id  an  equal  width,  the  tongs  to  clear  the  openings 

to  be  run  across  the  furnaee. 

This  fun  a-  designed  to  melt  1  ton  of  yellow  brass  with  500 

-   aftei    temperature  equilibrium  was  reached;  that  is, 

under  continuous  24-hour  operation. 

PRELIMINARY    DRYING    AND    HEATING    OF    FURNACE. 

1  was  first   thrown  on  the  new  furnace  at  4.30  p.  m., 

in   19,  1915,  the  l        •  >rs  being  in  multiple.    The  wooden  form 

f.»r  the  resistor  troughs  was  slowly  burned  out  and  the  empty  furnace 

off  and  on  at  rather  low  power.     At  3.08  p.  m.,  February  24, 

-  at  1  .!•;:."    F.  (1.080°  C),  4,110  kw.  h.  having  been 

in  drying  and  heating  the  furnace. 

Various  ielt  were  made  in  which  numerous  difficulties 

pped   up,  the  most   serious  of  which  was  due  to  the  presence  of 

■  v  crucibles  in  one  Large  inclosure.    When  a  cover  was  opened 

<>t  the  outrush  of  hot  <ras  was  so  great  as  to  make  working 

!•  the  furnace  very  hot  and  arduous. 

M-  .  the  funnier  waS  full  of  zinc  fume,  which  made  it  hard 

the  location  of  the  pi  ,  .t    (   was  difficult  to  place  the 

I  ,       . i .  1  spilling  the  metal.    Spilled  metal,  Especially 

if  it  hap]  I  ;>  i"t"  the  resistor,  caused  even  worse  fume, 

BCided  to  add   a   flue  to  the   farnace  to  take  oil'  the   fumes. 

After  the  f1  finished  ;>  test  iras  made,  first  preheating  the 

fur.  C. 

I    e  ,u,  melted  *t  cent  copper  and  12  per  rent  /'me, 

•  g  about  the  lowest  melting  temperature  and  the  lowest 

temperature,  ited   at    1,028   to    l,nr,o°    C.    (1,H7:>   to 

i/.j.,     I".,.  r,f  any  used  in  the  shop.    The  charges  weighed  200.8 
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pounds  each  and  consisted  of  75  pounds  scrap  brass  (usually  heavy 
pieces),  75.5  pounds  copper,  and  59  pounds  zinc. 

The  test  was  started  at  8  a.  m.  March  2.  when  the  first  pot  was 
charged.  The  eighth  pot  was  charged  at  8.37  a.  m.  The  242- volt 
tap  was  used  till  8.15  a.  m.,  when  185  kw.  were  being  drawn.  The 
231-volt  tap  was  then  used  till  S.45  a.  m.,  when  192  kw.  were  being 
drawn.  The  220-volt  tap  then  was  used  till  9.08  a.  m.,  when  168  kw. 
were  being  drawn,  power  dropping  on  this  tap.  The  231-volt  tap  then 
was  used  till  9.49  a.  m.,  when  205  kw.  were  being  drawn  and  a  fuse 
blew.  At  9.55  a.  m.  the  fuse  was  replaced  and  power  again  put  on. 
using  the  220-volt  tap,  which  gave  187  kw.  At  10.07  a.  in.  the 
198-volt  tap  was  used  and  145  kw.  drawn.  The  power  dropped  on 
this  tap  to  143  kw.  at  10.15  a.  m.  From  10.17  to  11.07  a.  m.  the 
power  was  thrown  off  during  a  wait  for  a  new  sledge  for  bending 
tongs  into  place;  then  the  231-volt  tap  was  put  on  and  110  kw. 
drawn,  which  rose  to  122  at  11.15  a.  m.  At  11.22  a.  m.  the  power 
was  thrown  off,  as  it  was  decided  not  to  charge  any  more  metal  till 
good  double-prong  tongs  were  available. 

The  resistor  had  burned  away  somewhat,  which  may  partly  ac- 
count for  the  trouble  in  maintaining  the  desired  power.  On  too  high 
a  tap  the  power  would  shoot  up  too  much,  and  on  too  low  a  tap  it 
would  drop  too  much.  The  attempt  in  this  test  was  to  use  as  much 
power  as  the  furnace  would  stand. 

The  temperature  of  the  chamber  dropped  from  1,300°  to  1.200-  0. 
at  9.15  a.  m..  as  the  cold  charges  were  put  in,  rose  to  1,340°  C.  at  I'M., 
a.  m.,  fell  when  the  power  was  off  to  1.320°  C,  then  held  about  con- 
stant till  11.30  a.  m.,  the  power  being  off  at  11.22  a.  m.  At  11.45 
a.  m.  it  had  dropped  to  1.305°  C.  The  pots  in  the  furnace  after  1 1 .22 
a.  in.  were  taken  out  on  stored  heat,  the  last  coming  out  at  12.50  p.  m., 
when  the  temperature  was  1.920°  F.  (1.050°  C),  the  covers  having 
been  open  to  let  fume  escape.  The  covers  were  thru  opened  a  gri 
deal  to  allow  replacing  the  displaced  bottom  bricks  and  to  replenish 
the  resistor,  and  at  3.45  p.  m.  the  temperature  of  the  chamber  was 
815°  C. 

TROUBLES. 

At  8i60  a.  m.  the  caster  burned  liis  clothing  from  a  flare  of  gas  and 
fume  over  his  feet  and  objected  to  (he  excessive  heat,     lie  declared 
the  conditions  were  far  worse  for  the  inciter  than  in  handling  ci'ii 
eihle  steel  and  could  not  he  endured  in  summer. 

The  roof  in  the  center  of  the  furnace  showed  signs  of  settling,  was 
red-hot  to  the  steel  shell,  and  the  middle  rail  had  warped  BO  that  one 
or  two  covers  had  to  he  moved  by  a  bar.  ftfi  they  could  no  Longer  be 

rolled.     Because  the  covers  were  warped  the  sand  seal  was  no  Longer 
effective,  and  zinc  fumes  came  out  of  (he  furnace  even  when  all 
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losed.      The   fuTii.'s   wen  wry   bad   after  the  first  pots 

1.  and  khe  now  Hue  seemed  to  bave  no  affect,  possibly 
luse  the  old  annealing  furnace,  into  which  it  opened,  was  not 

■ 

Much  trouble  developed  with  the  tongs,  partly  because  the  single- 
not  get  a  iii  in  grip,  but  chiefly  because  the  fumes 
made  the  pots  invisible  and  the  heat  was  hard  even  for  glOVed  hands 
vera!  feet  above  the  openings.     No  asbestos  gloves  were  provided. 
A  still  worse  trouble  was  caused  by  the  incipient  slagging  of  the 
fire-brick  blocks  on  which  the  crucible  rested,  so  that  the  crucibles 
adhered  to  the  blocks.     Even  if  the  tongs  were  placed  properly,  the 
crucible  could  not  be  pried  loose.     Sometimes  the  bottom  blocks  came 
tnd  had  to  be  barred  loose  from  the  hanging  crucible,  a  dangerous 
g  with  ton--  softened  by  heat;  sometimes  one  man  placed 
the  tonus,  fastened  them  tightly,  and  forced  them  from  side  to  side, 
while  another  took   hold   of  the  crucible  top  with  a  long  pair  of 
and   did  the  same.     After  many  attempts — in  the 
0  crucible  u  each — the  pots  were  lifted,  but  the  bot- 

tom blocks  w<  much  disarranged  that  the  crucibles  could  not  be 

1.    Three  crucibles  were  ruined  by  breaking  pieces  out  of  the 
top  ;u,  soring  with  crucible  tongs.     In  efforts  to  dislodge  the 

h  metal  v.  Med.  and  much  ran  out  when  the  tongs 

..lit  of  the  to],  of  the  crucibles.     All  this  spilled  metal 
iw    fume,  and   as  the  tong  trouble  caused  delay  several 
pots  be  ai  rheated,  adding  to  the  fume. 

I    irborundum  fire  sand  was  then  placed  under  each  crucible  to  pre- 

k:iiLr. 

mt  of  the  delays  through   crucibles  sticking  to  the  bot- 

did  not  go  one  full  round  of  eight  pots  before  it  was 

off  the  power.    Consequently1  the  figures  of  power 

again  are  only  approximate.     They  approach  500  kw. 

},    I  under  conditions  of  continuous  operation.     On  account  of 

the    furnace,  the   figures    for   weight   of   metal    lost 

would  hi  f  no  \ al in*  and  were  not  taken. 

A;  •!•  the   bottom    bricks    were    replaced    and    carbo- 

.  I ii in    i  put    Under   all    crucibles   to   prevent    Sticking, 

- 1;,    (   .  power  was  burned  On  again  to 
•   e  following  day's  ran.    At  7. 40  a.  dl  the  next. 
temperature  was  1 ,380    C    About  1,600  kw.  h. 
in  1 6  hours  in  heating  the  empty  furnace. 
A  ■  g  double-prong  tongs  wa*  tnade^  so  that  the  cruci- 

ble could  rs  securely.    Another  full-capacity  test  was 

;i  run. 
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SECOND    FULL-CAPACITY    TEST. 

•  The  test  started  at  7.40  a.  m.  On  242  volts  the  power  was  168  kw., 
and  crept  up  to  192  kw.  at  8.02  a.  m.,  when  the  231-volt  tap  was  used ; 
the  power  then  started  at  183  kw.  and  reached  195  kw.  at  8.30  a.  m. ; 
the  220- volt  tap  then  gave  174  kw.,  but  the  power  fell  on  this  voltage 
to  156  kw.  at  9.30  a.  m.  As  the  temperature  was  still  as  high  as  the 
refractories  would  stand,  a  lower  tap  (198  volts)  was  thrown  in,  and 
the  power  fell  from  135  kw.  to  101  kw.  at  10.30,  when  the  220-volt 
tap  was  again  used,  the  furnace  taking  132  kw. 

The  temperature  in  the  chamber  fell,  as  cold  metal  was  charged, 
from  1.330°  C.  at  7.40  a.  m.  to  1,230°  C.  at  8.30  a.  m.,  and  then  rose 
to  1,345°  C.  at  9.45,  falling  to  1,205°  C.  at  10.30  and  rising  to  1,275° 
C.  at  10.58  a.  m.  The  temperature  near  the  resistor  was  not  so  much 
affected  by  charging  and  rose  from  1,355°  C.  at  7.40  a.  m.  to  1,445°  C. 
at  10.00  a.  m.,  and  then  fell  to  1.405°  C.  at  10.58  a.  m. 

ADDITIONAL  TROUBLES. 

The  condition  of  the  roof,  covers,  and  warped  rail  in  the  middle 
of  the  furnace  became  worse  during  this  run.  Some  bricks  from  one 
of  the  end  covers  fell  into  one  pot  of  metal.  The  pots  did  not  stick 
to  the  bottom  bricks,  and  the  new  tongs  worked  well  as  long  as  the 
caster  could  see  where  to  place  them.  The  first  five  pots  came  out 
on  the  first  attempt  to  lift  them,  a  record  far  better  than  in  the  pre- 
vious tests. 

The  working  conditions  were  still  bad.  The  third  pot  to  be  re- 
charged and  put  back  in  the  furnace  was  not  set  in  exactly  the  proper 
position,  as  the  fumes  made  it  impossible  to  see  what  was  being  done. 
The  bottom  was  not  replaced  exactly  level  after  being  torn  up  by 
the  sticking  of  the  pots  on  the  previous  day.  The  pot  had  been 
charged  with  all  the  scrap  brass  and  small  pieces  of  copper  it  would 
hold  before  being  replaced  in  the  furnace,  as  this  was  easier  on  the 
men  than  replacing  the  empty  crucible  and  then  charging  it.  On  the 
6rst  heat  in  any  one  pot,  as  the  empty  crucibles  had  remained  in  the 
furnace,  a  long  funnel  was  used  for  charging. 

This  third  pot  tipped  over  and  some  of  its  contents  were  spilled, 
but  it  was  righted  without  much  trouble. 

At  10.58  a.  m.  the  fumes  were  very  bad.  the  flue  having  no  ap- 
preciable effect;  it  was  impossible  to  see  into  the  furnace,  so  that 
the  tongs  were  not  properly  placed  on  one  pot.  In  consequence  this 
pot  dropped  from  the  tongs,  spilling  about  half  its  contents.  This 
hot  metal,  almost  at  its  boiling  point,  spilled  into  a  resistor  trough, 
exploded  because  of  the  sudden  volatilization  of  zinc,  and  a  shower 
of  molten  metal  burned  the  clothes  of  the  bystanders.  The  granular 
resistor  was  blown  out  of  the  trough,  and  the  fume  from  the  spilled 
metal  was  so  great  that  the  test  had  to  stop  at  once.  As  before,  the 
metal  in  pots  already  in  was  melted  by  stored  heat. 
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The  difference  in  temperature  between  the  end  of  the  chamber  ami 
the  side  by  the  resistor  began  to  equalise  fairly  soon  after  the  power 
was  turned  off,  as  is  shown  below  ; 

5. — Equalization   <>f   temperature   between    end   of   chamber  and   side   nf 

resistor. 


1 

Timr. 

Temperature 
ofenaml 
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Of  Wall  near 
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■■>  hi 
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op            o  f>             oc>            of           or* 

•J.  330    1,275        2,560    1,405           130 
2,500    1,370           110 
J10    |     2,420    1,330            90 
■2, -J-J-*     1,220         2.320    1,270             50 
2.170    1,100        2.265    1,246            50 
2,130     1,165         2,210    1,210             45 

a  Last  pot  Oil! . 

TABU  4. — Log  Of  final  t<*t  Of  /*"'/.'/  8-pOt  furnace,   March  .1,   191.1;  58  per  cent 

OOppi  r.   ',!  in  r  Ct  at  :inc. 
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«  No  [>ow*r  on;  mellir  .  red  heat. 

Between  7.40  a.  tn.  and  10.54  a.  m.,  or  in  about  three  and  one- fourth 

hours,  nearly  525  kw.  h.  had  been  used,  or  the  average  power  input 

-  a  little  over  L60  kw.    The  final  temperature  at  L0.54  a.  m.  was  55° 

C.  lower  in  the  chamber  and  50°  C.  higher  near  the  resistor  at  the 

than  at  the  start  ;  that  ia,  the  furnace  temperature  may  be  taken 

•  start  and  finish.    The  work  completed  in  this  period 

folio* 

n  ork  done  in  heat. 

Full  Ik 

."  i                                         5.0 

11  in  but  spelter,  i>'it  nol  ready  to  spelter,  approximately 

2  0 

come  otrt   1.0 

ter,  :ipj.r«»\iinnfH.\  80  per  ceat  'lone  i.t; 

i  J-                                     i>   io  |ht  cent  done     .  l 


il    full  9.7 
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If  these  9.7  full  heats  be  taken  as  equivalent  to  10  full  heats  (*2,095 
pounds)  for  truly  continuous  running,  the  power  consumption  was 
500  kw.  h.  per  ton. 

During  the  whole  test,  from  the  first  warming  up  of  the  furnace 
to  the  time  the  power  was  shut  off,  over  12,500  kw.  h.  were  used,  and 
about  4  tons  of  metal  melted. 

The  crucibles  seemed  to  be  in  fairly  good  condition  at  the  end  of 
the  test,  considering  that  they  had  been  left  empty  continuously  in 
the  furnace  during  all  heating  and  cooling  periods  and  had  been 
severely  damaged  by  the  first  two  sets  of  tongs. 

METAL    LOSS. 

Disregarding  the  spilled  pot,  the  12  charges,  2,514  pounds  (clean 
metal),  melted  in  the  last  test  gave  2,370  pounds  of  metal  in  ingots, 
a  gross  loss  of  144  pounds,  or  5.75  per  cent.  Ninety  pounds  of  metal 
was  recovered  from  spillings  and  skimmings,  making  the  net  loss 
54  pounds,  or  2.15  per  cent.  The  furnace  as  built  was  a  failure  mainly 
for  the  following  reasons : 

1.  Fume  and  heat  made  conditions  extremely  bad  for  the  work- 
men. Nearly  everyone  working  around  the  furnace  had  "  brass 
shakes." 

2.  The  rate  of  production  was  low. 

3.  The  power  efficiency  was  not  good. 

4.  The  furnace  took  so  long  to  cool  and  to  heat  in  case  of  needed 
repairs  that  an  accident  interfered  greatly  with  production. 

GIROD  FURNACE. 

Girod66  suggested  a  crucible  furnace  with  a  number  of  crucibles 
contained  in  an  inclosure,  on  the  sides  and  bottom  of  which  is  a 
granular  resistor.  No  data  on  its  actual  use  or  trial  have  come  to 
light.  As  the  design  involves  driving  the  heat  through  the  walls  of 
the  inclosure  as  well  as  through  the  crucibles,  it  seems  to  be  of  low 
efficiency  and  to  involve  many  difficulties  in  the  maintenance. 

SNYDER  CRUCIBLE  LIFT-OUT  FURNACE. 

The  Commonwealth  Edison  Co.,  of  Chicago,  desiring  to  aid  the 
development  of  electric  furnaces,  in  order  to  lay  the  foundation  for 
the  sale  of  power  for  them,  had  a  furnace  designed  by  F.  T.  Snyder 
and  tested  at  the  plant  of  the  L.  Wolff  Manufacturing  Co.,  Chicago. 
in  1913  and  1914.    The  later  tests  were  made  by  H.  M.  St.  John. 

This  Was  a  pit  furnace,  taking  one  No.  80  crucible.  The  resistor 
wns  a  cylinder  made  of  ordinary  crucible  material  (graphite  bonded 
with  fire  clay).     Slots  were  cut  in  this  cylinder  and  filled  up  with 

« Girod,  P.,  U.  S.  Patent  8S.-..7 ».",.  Apr.  28,   1!)0S;  application  Pec.  !><>.   p.m.-,. 
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ahindmn  cement,  the  object  being  to  insure  stability,  and  thus  to 

increase  the  resistance  of  the  resistor.    The  crucible  was  set  inside 

the  r,  which,  in  turn,  was  surrounded  by  fire  brick  and  heat- 

-  dating  brick  walls.     Electrical  control  was  obtained  by  varying 

How  brass  was  melted  in  this  furnace,  but  despite  many 
i  improve  it  the  Hfe  of  the  resistors  was  short — not  over 
40  hours  running  time,  even  though  for  Half  of  that  time  the  re- 
perature  was  below  L000°  C.    The  resistor  could  not  be 
run  at  i  temperature,  of  the  resistor  itself,  above  1,300°  C;  no  effi- 
•  brass  melting  could  be  done  in  a  furnace  whose  resistor  tenn- 
er L,300c    C.   for  reasons  clearly  pointed  out  by 
Northrup.*'    The  short  life  of  the  resistor  was  due  both  to  oxidation 
i  t'  the  resistor,  which  was  retarded  somewhat  by  arranging  a  slow 
drip  of  oil  into  the  furnace,  and  to  the  development  of  hot  spots  in 
sistor  and  consequent  melting  of  the  fire-clay  bond. 
\Y  r  attempts  were  made  to  melt  brass  at  a  commercial  rate 

df  speed,  the  resistor  broke  down  before  reliable  results  could  be  ob- 
tained.     The    incomplete   data    indicated   that  even   if   the   resistor 
troubles  could  be  overcome,  a  furnace  of  such  a  type  and  size  could 
:lv  be  ted  to  read)  as  low  a  figure  as  500  kw<  h.  per  ton  of 

yellow  bra  n  under  the  mo  t  favorable  conditions. 

GREENWOOD  AND  HTTTTON  CRUCIBLE  LIET-OUT  FURNACE. 

Greenwood  and   Button •*  describe  a   furnace  in  which  a  crucible 

lindrical  grid  made  up  of  carbon  rods  standing  ver- 

o  joined  b}r  carbon  blocks  that  the  rods  are  con- 

ted  in.  figs.  '2  and  .'».)     The  rods  are  covered  with  a 

carborundum    fire-sand — water  glass  coating  to   prevent  oxidation. 

bandied  a  00-pound  charge  and  took  about  20  kilowatts 

55   \oh   .  amperes.     Data  are  given  only  on  two  heats 

pounds  of  "nickel-silver"  (nickel  brass  or  German  silver) 

In  th<  rting  from  a  cold  furnace,  the  first  heat  came  out 

tug  5  1  kw.h  .  ond  in  1  hour  and  35  minute-,  using 

■hat  on  10-hour  operation  the  furnace 
ild  melt  nickel  I  with  about  750  kw.  h.  per  ton.  and  on  24- 

hour  operation  ;n  about  600  kw.  h.  per  ton.    These  figures  would  be 
riuced   for  alloys  of  lower  inciting  points  than  nickel 
5-  i  1  - 

en  to  indicate  the  probable  life  of  the  >r,  but 

hhcrently   fragile,  subject  to  weakening  by  o.xida- 

n   of  hlgt   trtnperatnre  and   Iti  nest  :   Met.  mid 

••  < .  H    <       -,!,.:    Btatl  I    on   u   tfe«tTlc-re*lfit«n««   BimMc   for 

meltlnjc  in  cr  |     b),  roL  17,   1!»17,  p.  280 
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tion,  and  because  of  the  careful  fitting  of  joints  required  in  construc- 
tion expensive  in  comparison  with  its  probable  life. 

HOSKINS  CRUCIBLE  LIFT-OUT  FURNACE. 

A  more  fully  developed  crucible  furnace  is  the  Hoskins  carbon- 
plate  resistor  furnace,  which  has  been  commercially  used  in  small 


PlGUSl   -.      Detail    of   <  - 1  •  ciiwood   and    1 1  ill  ton    resistor. 

sizes  by  the  Hoskins  Manufacturing  Co.,  of  Detroit,  in  the  produc- 
tion of  nickel-chromium  alloys.  As  the  need  for  larger  melting 
units  has  increased,  the  crucible  furnace  has  been  gradually  gup- 
planted  for  this  purpose  by  the  ordinary  or  horizontal  ring  type  of 
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induction  furnace,  and  the  Indications  are  that  the  latter  type  in 
turn  will  he  displaced  by  direct-arc  furnaces  for  melting  these  alloys, 
1  lie  crucible  furnace  has  a  resistor  composed  of  thin  carbon  plates, 
inch  thick,  \'\  to  ${   inches  wide,  and  S  to  15  inches  high, 
in  var:  | f  furnace-.     Th.e  ]>lates  are  set  upright  and  against 

i  other,  like  the  leaves  of  a  book.     Part  of  the  resistance  of  this 
in  the  plates  themselves,  but  most  of  it  is  in  the  contacts 
D  the  plates.     By  means  of  a  screw  bearing  against  a  carbon 
graphite  block  at  one  or  both  ends  of  a  "book"  the  pressure  be- 
tween the  blades  can  be  varied  at  will,  and  thus  the  resistance  of  the 
stor  can  be  varied  within  wide  limits. 
Since  the  resistance  of  a  carbon  resistor  falls  markedly  with  in- 
crease of  temperature,  all  carbon-resistor  furnaces  must  have  some 


Figoue  3. — Greenwood  and  Ilutton  furnace. 

i    compensating   for   this   change   of   resistance,   and   thus 

,<iiiLr    the    power    input   under    control.      In   small    experimental 

furnaces  a  constant  voltage  is  sometimes  used  and  part 

the  power  is  absorbed  and  wasted  in  a  rheostat.    For  commercial 

me  other  menus  of  varying  the  voltage  must  be  used. 

An  induction  regulator  on  the  primary  side  of  the  transformer  gives 

tion,  hut  even  if  that  is  used  a  variable-voltage  tran  - 

former  with  Bevera]  different  voltage  taps  controlled  by  switches  i.^ 

required.     If  the  Induction  regulator  is  not  used,  a  larger 

mil!  :  different  voltage  tip-  i-  required  to  give  real  control  over 

the    fir 

With  the-  BoeJrins  furnace  a  considerable  control  of  power  input 
tltering  the  contact  resistance  between  the  plal 

BO  t  ith   fewer  \oRage  steps  and  with  longer  Steps 

be  used. 
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In  the  early  days  of  the  work  of  the  Bureau  of  Mines,  before  ex- 
perience had  shown  that  electric  crucible  lift-out  furnaces  for  brass 
were  not  likely  to  be  of  commercial  use,  the  Hoskins  type  was  tried 
out  in  several  different  forms  and  sizes,  the  first  object  being  to  de- 
termine the  metal  losses  of  different  allo}Ts  in  a  crucible  lift-out  fur- 
nace. The  patent69  on  this  type  of  furnace  is  controlled  by  the 
Hoskins  Manufacturing  Co.,  but  through  the  courtesy  of  Mr.  A.  L. 
Marsh  of  that  firm  the  bureau  was  permitted  to  utilize  the  principle 
of  the  furnace  in  the  construction  of  experimental  furnaces  for  lab- 
oratory tests.  In  a  later  patent  Thomson  70  also  shows  a  crucible  lift- 
out  furnace  surrounded  by 
an  adjustable  carbon  resis-  & 
tor,  whose  resistance  lies 
mainly  in  the  contacts  be- 
tween the  carbon  pieces. 


BUREAU    OF   MINES    TESTS    OF 
HOSKINS-TYPE  FURNACE. 

A  good  many  tests  of  the 
Hoskins  furnaces  were  made 
which  gave  instructive  data 
on  metal  losses  and  on  fur- 
nace design.  The  original 
data  of  these  tests,  as  well 
as  much  other  early  data, 
were  lost  in  the  fire  that  de- 
stroyed part  of  Morse  Hall, 
Cornell  University,  in  Feb- 
ruary, 191G.  The  entire 
contents  of  the  Ithaca  field 
oiliee  were  lost  in  the  fire, 
so  that  the  data  below  are  taken  from  summarized  reports  that  had 
been  made  to  the  Washington  office. 

Most  of  the  small  Hoskins  furnace-  made  by  the  IToskin-  Manu- 
faeturing  Co.  have  two  rows  of  carbon  plates  on  two  sides  of  the 
furnace,  connected  by  a  heavy  carbon  or  graphite  plate  at  the  back, 
heat  thus  being  generated  on  two  sides  only.  (See  fig.  4.)  Mocrf  of 
the  furnaces  built  by  the  bureau  had  resistor  plates  completely  sur- 
rounding the  crucible.  In  five  of  the  modifications  tested,  the  fur- 
nace took  but  one  crucible,  and  in  one  modification  three  No.  20 
crucibles  were  used.  Carborundum  bricks  usually  supported  the 
blades,  with  magnesite  brick  next  the  carbon  plates,  though,  of 
course,  not  in  contact  with  them.     Back  of  the  magnesite  were  lire 


H_ 


Figubi  4. — Diagram  of  Hoakins  crucible  lift-out 
furnace. 


•Marsh,  A.  I...  r.  s.  Patent  882,78$,  June  5,  !!><>.;. 

» Thornton,  J.,  r.  s.  Patent  960,879,  Marco  l.  1910  (tee  iiu-.  7). 
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brick,  and  on  the  outside  either  loose  infusorial  earth  in  a  sheet  - 
iron  shell  or  infusorial-earth  hriek.  Fire-brick  covers  fitting  into 
a  sand  seal  ami  provided  with  charging  holes  closed  by  smaller  fire- 
brick i  were  used.  Table  5  shows  some  of  the  general  dunen- 
t  the  furnaces. 

5. — Dim  7o9kini  gmalUsised  crucible  lift-out  furna 


1 
. 

3 

4 

*6 


Dimension?  of  molting  chamber  (Inside 
phi;. 


igh... 


8  hkh. 

h 

12*  by  12Jby  23  I 


10*  by  10i<*by  13ihigh. 


Crucible. 


jo 
(«) 

20 

40 

(>) 

20 


diam- 
eter. 


Inches. 
10* 
10* 


10* 
16 

10* 


Inches. 

9 

IN 

9 

4 


C:ipac- 
i.y. 


Pounds 
60 
90 

BO 
L2D 
L45 

'60 


Height 
of 

carbon 
plates. 


Inches. 
B 
8 

8 

10 
15 


ion  of 
bottom  of 

crucible  in 

bol  torn  of 
resistor. 


Level 

•J k    ii> 
"ab 

Level 

.   .do , 

1  inch  be- 
ll i\V. 

1 . . . 


rat- 
ing. 


50 
50 

50 
75 
65 

50 


■  Special  <ler. 

:  all  cylind 

ment;  end  compart  mem-  straight  next  to  middle,  oval  toward  ends. 

'  Each 

\  le  to  run  any  of  those  furrows  continuously. 

the  aim  _  mainly  to  secure  data  on  melting  losses  and  a  general 

idea  of  the  efficiency  of  a  given  size  and  type  in  the  use1  of  power. 

furnaces  therefore  w<  re  built  as  cheaply  as  possible  and  not  as 

would  be  necessary  were  they  intended  for  commercial  use. 

Aje  the  teste  regarding  Loss  of  metal  on  the  various  size-  of  fur- 

bb  gave  similar  results,  these  will  he  considered  together  after 

the  performance  of  the  furnace-  in  other  respects  has  been  discussed. 

I  •  in  the  table  is  not  always  that  in  which  the  furnaces  were 

Ti.  on  furnaces  1,  2,  and  3  may  be  considered  together. 

Furna        I  and  i  were  almost  identical,  having  a  square  melting 
chamber,  r'>r  plate    on  all  four  sides,  square  2  by  2  inch 

rid  block*  as  tall  as  the  plate-  at  three  corners,  each  with 
bearing  on  two  carborundum  bricks  set  back 
Por  varying  the  pressure  on  the  blocks;     Graphite 
.t  to  the  end-  of  the  rows  of  resistor  plates  were  in- 
stalled maining  corner  and  insulated  from  each  other  by  a 
brick. 
I  tandard  crucible,  handled  by  the  usual  tongB. 
h   -  <  rucible  leaves  some  waste  space  iu  the  melting 
cbai               I  i  cylindrical  crucible  tried  in  furnace  2  to  test 

t    Dtilidng  this   Waste  spare.      Special   menus   had   to 

provided  for  Lifting  the  cylindrical  crucible,  as  it  had  no  bilge. 


BUREAU    OF    MINES 


BULLETIN    205      PLATE    II 


A.   SHANK   FOR   CYLINDRICAL  CRUCIBLE. 


B.   LIFTING   DEVICE  FOR  CYLINDRICAL 
CRUCIBLE. 


C  ANOTHER  SHANK   FOR  CYLINDRICAL  CRUCIBLE. 


-*.  U    OP    MINES 


BULLETi  N    20  I       I'1   ATE     III 


A     EXPERIMENTAL   HOSKINS-TYPE  CRUCIBLE   LIFT- 
OUT   FURNACE   FOR   NO.  40  CRUCIBLE. 


OSKINS  CRUCIBLE   LIFT-OUT   FURNACE   FOR 
NO.  70  CRUCIBLE. 
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This  was  accomplished  by  a  pair  of  loop  tongs.  The  crucible  was 
set  on  a  brick  in  the  furnace,  and  when  it  was  ready  for  pouring  one 
loop  was  lowered  into  the  furnace  and  slipped  under  one  side  of  the 
crucible.  The  other  loop  was  then  similarly  inserted  and  a  pin, 
extending  downward  on  a  V-shaped  projection  extending  from  the 
upper  part  of  the  loop,  was  inserted  into  a  hole  on  a  similar  V-shaped 
projection  on  the  other  loop.  A  V V-shaped  bar  held  the  two  loops 
in  the  two  outer  curves  and  was  hoisted  by  a  hook  in  the  center  loop. 
The  crucible  was  held  securely  as  it  was  hoisted  from  the  furnace. 
It  was  then  set  down  upon  a  round  fire  block,  the  loop  tongs  removed, 
and  a  basket  shank  slipped  about  the  crucible  for  pouring.  The 
lifting  and  pouring  devices  are  more  thoroughly  described  by  Lohr71 
and  are  shown  in  Plate  II,  A,  B,  C . 

Furnace  3  was  built  to  get  away  from  the  waste  space  in  the  cor- 
ners of  the  furnaces  with  square  melting  chambers.  In  this  the  resis- 
tor was  made  as  near  to  a  circle  as  possible  by  making  it  in  the  form 
of  a  hexagon,  five  sides  of  which  were  made  up  of  rows  of  carbon 
plates  pressing  against  two  sides  of  an  equilateral-triangular  prism 
of  graphite.  The  adjusting  screw  bore  against  a  carborundum  brick 
back  of  the  third  side  of  the  triangle.  The  electrodes,  with  magnesite 
brick  insulation  between  them,  were  on  the  sixth  side  of  the  hexagon. 

In  order  to  life  the  crucible,  which  was  too  close  to  the  resistor  to 
allow  the  use  of  any  sort  of  tongs,  it  was  set  on  a  tall  brick  pedestal 
that  could  be  raised  by  a  handAvheel  and  gearing  till  the  bottom  of 
the  crucible  was  above  the  resistor  blades,  when  the  crucible  could 
be  grasped  by  tongs  or  could  be  lowered  until  the  bottom  of  the 
crucible  was  on  a  level  with  the  bottom  of  the  resistor. 

Representative  runs  on  five  furnaces,  all  melting  an  alloy  of  about 
78|  per  cent  copper,  16  per  cent  zinc,  2J  per  cent  tin,  and  3  per  cent 
lead,  charged  in  small  ingots  of  8  to  12  pounds,  are  tabulated  in 
Table  6. 

All  furnaces  were  cold  at  the  start  save  No.  4,  which  was  at  375° 
at  the  start,  and  No.  5,  which  was  at  350°  C.  The  metal  was  poured 
at  about  1,200°  C,  save  with  furnace  5,  from  which  it  was  poured  at 
about  1,165°  ('.  A  number  of  other  runs  were  made  with  the  fur- 
naces, which  agreed  very  well  with  those  given  below  in  Table  6. 

"■Lohr,  J.  M.,  V.  s.  Patents  I.i7.:.4i4  and  1,173,445,  i  .  >..  29,  u>:<;  (dedicated  t.,  Qu 

public). 
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'  t<  Us  Of  different  ti<i><  s  ,,f  llnxkin*  furnaces. 
Furnace  1.   Square  melting  chamber;  regular  No.  20  crucible. 


.   \ 

l'ow  cr  on. 

Powvr  olT. 

\\  aighl  of 
dbarga. 

Power 
used.* 

1                     

R.QOa.  m... 
io.07a.rn.. 
11.07 a,  in. . 
l.OBp.  in... 
1.10  i>.  in... 
2.40  p.m... 
8.23  i>.  in... 
4.03  p.  in... 

9.55  a.m... 
10.55  u.  in. . 
11.47  a. in.. 
L.37  p. in... 
J. J7  |>.in... 
3.18  p.m... 
8.53  p.  in... 
4.30p.  in... 

Pou  lid*. 

.v. 

55 

Ku\  h. 
101.5 
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39 

1              



34.  5 



s 

Total 

M40 

c  345.  5 

Furnace  2.    Square  melting  chamber 

;  short  cylindrical  crucible. 

8.00a.  m. .. 

9.35  a.m... 
10.26  a.m.. 
11.18  a.m.. 

lis  p.m... 
2.13p.m... 
3.10  p. in... 
4.05  p.  m.. . 

I'OUIUI*. 

85 

lJ0 
90 
90 
90 
90 
90 

Kw.  h. 
86 



37 



3 

10.37  a.m.. 
12.30  p.m.. 
l.28p.  in... 
2.24  p.  in... 
3.20  p. in... 

31 



32 

5 

29 

6 

28.  5 

7 

28 

Total 

625 

<*271.5 

Furnace  3.   Hexagonal  melting  chamber;   regular  No.  20  crucible. 


Total. 


8.00  a.m... 
9.49  a.m... 
L0.36a.m-. 

12.27  p.  in.. 
1.20  p.m... 
2.08  p.m... 
>.m... 
8.40  p.  m... 


9.38  a.m.. 
10.26  a.  m. 
11. 16a.m. 
L.iOp.mv. 
1.56  p.  m.. 
2.46  p.m.. 
3.80  p.m.. 
4.15  p.  m. 


Pounds. 

65 
65 
55 
58 

65 
88 


440 


Kw 


h. 
73.5 

32 
30 
26 
28 

26.5 
25.5 


e  277.  5 


Furnace  4.   Square  melting  chamber;  regular  No.  40  crucible  (warm  at  start). 


9.41  a.m... 
10.42 at  in. . 

11. 17  a.m.. 

Ill   p.  Til..  . 

2.43  ]).  in. . 
3.35  p.  m... 
4.28 p.  in... 

Pound*. 
1  :o 
120 

1 28 
[20 

1  JO 

I  20 
120 

Kir.  It. 
120 

lo.i).-,  a.  in. 
L0.58a.rn.. 

1.00  p. in... 

1.57  p.m... 
2.55  p.m... 
:i.i5  p.  m... 

81 





48 

1                             

43 

44 



10 



36 
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Furnace  6.   Furnace  chamber  at  850     C.  at  start;  metal  poured  at  1,165°  C.  average. 


.... 

7 .80 a.  m... 
no 

hi.-') 

■  i.  m 

i  i .'  p.  in 

in 

1 .  m . . . 
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ll.U a.  in. . 

p.  in  . 

p.  in 
in 

l'n  a  ads. 
147  5 

1  10 

i  iq 

1  10 

LS8 

.h. 
132 
60 

45 



19 

• 

80 

i 

8.50 

<438 

rmer. 
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,n  h'.'ir. 
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In  Furnace  5  a  tall  cylindrical  crucible  holding  about  145  pounds 
of  metal  was  used,  the  crucible  being  16  inches  tall,  the  resistor  blades 
being  15  inches  tall,  with  their  tops  level  with  the  top  of  the  crucible, 
the  crucible  bottom  being  thus  1  inch  below  the  bottom  of  the  resistor. 

The  crucible  was  split  at  the  top  in  pulling  heat  6  from  the  fur- 
nace, so  the  run  could  not  be  finished.  Had  two  more  heats  been 
taken  out,  the  power  consumption  would  have  been  cut  down  to  about 
37J  kw.  h.  per  100  pounds.  The  space  available  for  pouring  was  so 
small  and  cramped  that  it  was  impossible  to  pour  quickly  and  the 
time  taken  for  pouring  was  excessive. 

Much  trouble  was  experienced  in  running  furnace  5  on  account 
of  top  heating.  The  top  of  the  resistor  blades  were  on  a  level  with 
the  top  of  the  crucible  and  were  1  inch  shorter  than  the  crucible.  The 
crucible  was  filled  quite  full  on  the  first  heats,  and  a  good  deal  of 
heating  was  done  by  heat  reflected  by  the  roof.  Melting  took 
place  first  on  top  of  the  charge — not  from  the  bottom  as  in  the 
other  furnaces  where  the  resistor  plates  were  at  least  2  inches 
from  the  top  of  the  crucible — and  the  bottom  of  the  resistor  was  level 
with  the  bottom  of  the  crucible  (2%  inches  below  it  in  furnace  2). 
The  metal  on  top  was  bubbling  and  spitting  at  the  end  of  the  heats, 
and  although  the  pots  were  stirred  the  last  metal  poured  was  rather 
cold.  The  average  pouring  temperature  was  1,165°  instead  of  1,200° 
C,  as  in  the  runs  with  the  other  furnaces. 

In  order  to  avoid  trouble  from  overheating  at  the  surface,  it  was* 
necessary  to  reduce  the  power  input  below  the  figure  desired  in  order 
to  let  conduction  of  heat  through  the  metal  keep  pace  with  the  rise 
in  temperature  and  bring  the  metal  out  more  evenly  heated  from  top 
to  bottom. 

This  test  showed  the  desirability  of  heating  crucibles  from  the 
bottom  rather  than  from  the  top  and  indicated  that  surface  over- 
heating is  likely  to  occur  in  hearth-type  furnaces  with  deep  baths 
heated  from  above  unless  some  means  of  stirring  the  metal  is  adopted. 

The  boiling  and  spitting  of  the  surface  layer  of  metal  was  probably 
made  more  noticeable  by  the  rather  low  barometric  pressure  (73.6 
cm.)  on  the  day  of  the  test.  For  a  crucible  of  this  tall  and  narrow 
form  to  be  useful  it  should  be  heated  from  the  bottom,  in  order  to 
set  up  thermal  circulation  by  the  rising  of  hotter  metal,  instead  of 
being  heated  from  the  top  and  allowing  the  hotter  metal  to  remain 
at  the  top.  On  regular  operation  these  furnaces  would  give  results 
about  as  follows,  if  they  started  on  an  eight-houT  operation  with  the 
furnace  at  a  temperature  of  .mid  ('.  or  more  from  the  previous  day's 
heating: 

•  •sT::::'— 22 —   S 
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Owmmorf  of  the  probable  performance  of  different  sizes  of  HosMns- 

tppe  furnaces. 


Charge. 

K\v.  h.  per  ton. 

Daily  output . 

Furnaiv  No. 

8  hour 
operation. 

24-hour 
operation. 

8-hour 
operation. 

24-hour 
operation. 

1 

Potrada. 

55 

M 

55 

120 

140 

1,500 
850 

1,350 
850 

700 

1,000 

625 
950 
625 
500 

Pounds. 
450 
650 
ISO 
850 
1,000 

J' oil  nds. 
1,800 

2 

2,300 



1,900 

3 .  21 H  • 





3,600 

In  the    improvement    in   Nos.   4   and   5   over   No.    1,   which 

was  to  be  expected,  as  the  capacity  of  the  furnace  per  charge  was 
more  than  doubled.  No.  3,  in  which  the  waste  space  between  crucible 
and  resistor  was  leas  than  in  No.  1,  gives  materially  better  results 
than  No.  1:  No.  2,  in  which  the  use  of  the  short  cylindrical  crucible 
increases  the  capacity  of  the  furnace  over  No.  1,  is  still  more  of  an 
improvement  over  No.  1  and  does  as  well  in  power  consumption, 
igh  not  in  output,  as  No.  1.  No.  5  did  not  show  as  much  improve- 
ment as  was  expected  because  of  the  trouble  from  top  heating. 

Furnace  1.  which  is  shown  in  Plate  111.  .1.  gave  the  results  in  Table 
yellow  bra-  of  63  per  cent  eopper,  B3j  per  cent  zinc,  3J  per  cent 
lead.  char:.  10-pound  ingots  and  poured  at  about  1,065°  C. 

Tablx  8. — T<  Hoiking  furnace  .'/  for  melting  yeUow  brass;  No.  40  crucible 

square  furnace. 


Heat  No. 

Power  on. 

Power  ofT. 

Pounds 
charged. 

Kw.h. 

/  6.40  a.  m. 

\  7.30  a.  m. 

9  Lfl  a.  m. 

a.  in. 

11.30 

12.27  p.  in. 
p.  in. 

p.  in. 

i7.10  a.  m 

9.00  a.  ni. 
10.11  a.  in. 
li.i:  a.  ni. 
12.10  p.  m. 
I  l  in  p.  in. 

3  I  8  ]>.  in. 

4.20  |>.  in. 

5.29  p.  ni. 

1          125 

12'? 
124 
128 

121 
12.') 

12:1 

121 

Ill 
55 

38 



29 

81 



29.  5 



80 
83 

99 1 

1 

.     p.m. 


On  LO-hour  operation  on  yellow  brass  ami  on  calculated  24  hour 

oil  fornaoi  I  should  than  give  the  following  results:  Gharge, 

pounds;  kw.  h.  pet  ion.  LO-hour  operation,  700 ;34-hout operation, 

•      lo-hour    operation,    1,000    pounds;    iM-liour    operation, 

Fun     ■    \  (single  No.  M) crucible)  used  ivi  carbon  plates2by  L0 
1 1,.-  cold  furnace  started  -^  about  200  roli  .  LftO  amp< 
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(30  kilowatts)  ;  at  higher  power  inputs  the  voltage  and  amperage 
were  as  follows  at  various  times : 

Table  9. — Electrical  <l<it<i  on  Hoskins  furnace  '/. 


Kw. 

Volts. 

Amperes. 

Kw. 

Volts. 

Amperes 

79 

101 

180 

60 

115 

520 

78 

104 

750 

18 

90 

c200 

50 

150 

•  450 

I     66 

94 

700 

50 

100 

6  500 

j     60 

100 

600 

a  Starting  up  after  cooline;  at  noon. 
6  At  full  running  temperature. 


e  Reducing  power  at  end  of  run. 


The  current  taken  at  any  voltage  can  be  carried  through  a  rather 
wide  range  by  changing  the  pressure  on  the  plates  by  means  of  the 
adjusting  screws. 

TRIPLE  FURNACE. 

In  a  furnace  taking  a  single  crucible  the  heat  from  half  of  the  re- 
sistor only  is  directed  toward  the  crucible.  It  seemed  likely  therefore 
that  a  gain  in  efficiency  could  be  made  if  the  resistors  were  placed  be- 
tween the  crucibles,  so  that  the  heat  from  both  sides  of  the  resistor 
struck  the  crucibles  directly.  Moreover,  if  three  separate  square  fur- 
naces were  made  into  one 
holding  three  crucibles 
the  latter  could  readily 
be  constructed  with  about 
only  two-thirds  as  much 
area  in  its  surface  as  the 
total  area  of  the  surfaces  of 
the  tliree  separate  furnaces. 

This  design  is  more 
fully  described  by  Lohr 
and  Gillett,72  who  show 
also  how  it  is  adapted  for 
three-phase  current. 

FURNACE    6. 


ssss^  nsss^'x^^  nssss^'ssssss^  rasssssm 


I'll, I  BE 


-Bureau    of    Minis    crucible   furnace. 
triple  form. 


A  triple  furnace  for  No. 
20  crucibles  (regular 
form)  was  constructed,  in  which  there  were  but  two  rows  of  resistor 
plates,  connected  in  series  by  a  back  plate,  like  the  usual  Hoskins 
design.  Instead  of  the  straight  side  walls  next  the  resistors  of  a  fur- 
nace for  a  single-plia^c  crucible,  the  furnace  was  extended  Lengthwise, 
space  being  made  outside  each  resistor  for  another  crucible.  The  ends 
of  the  furnace  were  in  semicircular  form,  the  end  wall-  being  brought 


Lohr,  .f.  M..  an-i  QUlett,  H.  w.,  r.  s.  Patent!  1482,178  ana  1,162,178  (dedicated  i" 

the  public),  Nov.  80,  1915. 
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the  outer  crucibles  a>  possible  allowing  room  for  tongs, 
oeral  principle  of  this  furnace  is  shown  in  figure  5. 
In  t!tf  first  traction  the  resistor  plates  were  bare  and   not 

ed  by  troughs.    As  there  were  only  two  rows  of  resistor  plates 
•  the  three  rows  in  furnace  1,  the  resistance  of  the  whole  re- 
less,  and  it  was  desirable  to  run  the  furnace  with  as  high 
stance  between  plates  as  possible;  that  is,  with  the  plates 
as  |  ble.     A-  the  spare  allowed  for  the  toners  was  small 

order  to  avoid  waste,  it  was  difficult  to  avoid  hitting  the  plates 
when  removing  the  crucibles.     This  tended  to  displace  the  plates. 
Hence  the  furnace  was  rebuilt,  with  the  resistors  inside  carborundum 
troughs  made  up  of  slabs  '  inch  thick  of  pure  unbonded  carborundum, 
\  grade.    Carborundum-slab  covers  were  put  over  the  troughs 
the  resistors   from  mechanical   damage  and  from  oxida- 
tion.    The  furnace  <<>ver  was  made  in  three  portions,  each  having  a 
charging  hole,  so  that  but  one  section  had  to  be  removed  to  take  out 
acible. 

on  ;i   run   melting  the  regular  alloy  used   in  comparing 
nt  furnaces — ~^],  per  cent  copper.  16  per  cent  zinc.  2i\  per 
r  tin.  3  per  'cut  lead — follow  : 
The  fun  I    C.  at  the  start ;  at  8.80  on  the  morning  after 

run  it  waa    it  350     ( '.     The  metal  was  poured  at  1,200°  C.  aver- 
In  this  the  center  compartment  is  called  No.  2,  the  end 
1  and  3.     As  in  the  previous  tests,  the  crucibles 
with  all  the  metal  they  would  hold  (in  small  ingots), 
r  pouring  a  heat,  before  returning  them  into  the  furnace,  and 
added  as  boob  a-  the  metal  in  the  crucible  had 
make  room  for  it. 
In  Table  1"  the  time  given,  after  the  start,  is  the  time  at  which  a 
from  the  furnace  to  pour. 

'/  of  run  on  furnace  <:  {trlpU   Vo.  ?.0). 


Time. 

Pound*  poured  from 
■-  trtmenl  no. 

Kw.  }). 
D  I  '1  in 
linn-  in- 
tei 
given. 

Total 
kw.   h. 
ii  ed  so 

far.'i 

l 

i 

I 

f.li 

0 

n 

H 

no 

: 

I M 

,. 

L83 

[08 

61 

7 
27 

A74 

818 

'.1 

'  Fow»-r  off  f'»r  DfttL 

i  Poverott. 
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Table  10. — Log  of  run  on  furnace  G  (triple  Xo.  20) — Continued. 


Time. 

Pounds  poured  from 
comparment  No. 

Kw.  h. 
used  in 
time  in- 
tervals 
given. 

Total 

kw.  h. 

used  so 

far. 

1 

2 

3 

p.  m. 

3.10 

60i 

m 

4 
25 
14 
19 

0 

352 

3.51 

61 

377 

4.33 

391 

4.39  d 

60 

410 

4.43 

70 

410 

Total* 

198* 

547i 

252  i 

d  Power  off. 

*  998  pounds  poured. 

The  resistor  between  compartments  2  and  3  was  evidently  generat- 
ing more  heat  than  that  between  compartments  1  and  2,  as  only  three 
heats  were  obtained  in  compartment  No.  1  against  five  in  No.  3. 
This  was  remedied  in  later  tests  by  connecting  a  voltmeter  to  show  the 
voltage  drop  across  either  resistor  and  by  adjusting  the  blade  pressure 
until  each  row  of  blades  gave  the  same  voltage  drop.  This  test  on 
furnace  6  was  run  one  hour  longer  than  that  given  above  on  the 
single  No.  20  furnace  (No.  1)  in  order  to  stop  when  all  three  pots 
had  been  poured  within  10  minutes.  The  power  was  off  furnace  1 
for  one  and  one-fourth  hours  instead  of  one-half  hour.  Had  fur- 
nace 1  been  run  one  and  three-fourths  hours  more  it  would  have  pro- 
duced three  more  55-pound  heats,  or  a  total  of  11,  and  would  have  used 
a  total  of  420  kilowatt  hours. 

We  can  then  compare  the  single  No.  20  (furnace  1)  and  the  triple 
No.  20  (furnace  G)  as  follows: 


Operation. 

Output. 

Kw.  h.  per  ton. 

Single. 

Triple. 

Single. 

Triple. 

9-hour  operation 

Pounds. 

565 

1,800 

Pounds. 
1,000 

4,000 

1,500 
1,000 

830 

24-hour  operation .... 

700 

The  advantage  of  the  triple  furnace  is  even  more  marked  when 
we  consider  that  on  9-hour  operation  420  kw.  h.  would  produce  565 
pounds  of  metal  in  the  single  furnace,  whereas  the  triple  410  kw.  h. 
produced  547-.J  pounds  in  the  center  compartment  alone,  as  well  as 
450  pounds  from  the  end  compartments. 

The  directing  of  the  heat  from  the  outside  of  the  resistors  toward 
other  crucibles  instead  of  toward  walls  made  much  of  that  heat  do 
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hi]  work  and  did  not  decrease  the  work  done  in  the  center  com- 
tment     The  improvement  doubtless  would  not  be  so  striking  in 

a  furnace  of  larger  size  nor  on  continuous  operation,  but  it  would 

be  deeided. 

In  order  to  see  if  any  saving  could  be  made  by  keeping  the  fur- 

':.   t   at  night,  in  another  test  the  furnace  was  run  empty  at  a 

low   power  input  for  five  hours,  using  a  total  of  1G1  kw.  h.     The 

melting  chamber  came  up  to  1,150°  in  two  and  one-half  hours,  using 

98  kw.  h.,  and  was  held  there  two  and  one-half  hours  by  the  use  of 

kw.  h.  more,  or  an  average  power  input  of  25  kw.     Melting  was 

then  begun,  four  heats  of  GO  pounds  each  being  made  in  two  hours 

0  from  the  center  compartment,  one  each  from  the  ends)   using 

kw.  h.     The  metal  was  poured  at  1,200°   C,  the  regular  alloy 

being  used. 

The  furnace  was  probably  nearly  but  not  fully  heated  to  the  "sta- 
:  v  state*1  nr  u steady  state,"  in  which  the  inside  is  at  full  run- 
ning temperature,  the   wall-  are  so  heated  that  they  no  longer  ab- 
:t<l    -tore   heat    on    further    running,   and    the   outside   of   the 
fur;  . 1 1 ir  at  maximum  temperature  the  losses  by  radiation  from 

dlfl  arc  highest.      In  the  "steady  state"  the  power  supplied  to 
ither  is  awfully  applied  in  melting  or  is  lost  by  radia- 
onduction,  ami  convection  from  the  wall  and  cover  surface 
into  the  Boot  and  from  the  electrodes  by  water  celling.    None  is  fed 
to  the  wall-  to  1-c  stored  there,  as  the  walls  take  only  the  energy 
I   to  maintain  them  throughout  in  a  temperature  equilibrium 
with  the  hot  interior  of  the  furnace  and  the  cold  air  outside. 

It  •  tended  to  supply  power  to  the  furnace  through  the  night 

hold  the  temperature  of  the  furnace  constant,  but  the 

porcelain  protecting  tube  of  the  pyrometer  used  for  taking  chamber 

was  broken  and  the  couple  itself  injured  just  as  it  was 

o   that  the   power  supply  had   to  be  adjusted  by  visual 

in  pyrometric  control  of  temperature. 

1   ■    '..   8.12  p.  m..  when  the  la-t   heal    was  poured,  to  8  o'clock  the 

t   morning  the   furnace   was   run  empty  at   about  10  kw.,   L68 

kw.  h.  beii  I  in  the  16  hours.    The  funiare  then  appeared  to 

irly  but  not  quite  at  running  temperature.    To  test  this  a  few 

ken  off.  as  given  in  Table  11. 
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Table  11. — Log  of  run  on   triple  furnace,  starting  hot  after  running  at  night. 


Time. 

Pounds  poured  from 
compartment  No. 

Kw.  h. 

used  in 
time  in- 
tervals 
given. 

Total 
kw.  h. 
after  8 
a.  m.o 

1 

2 

3 

c.  m. 

8.00 

Start. 
...do.. 

Start. 
61 

Start. 
60 

0 

9. 11 

63 
30 

5* 

5 

38* 
18 

7* 

7* 

63 

9.  43 

93 

9.  49 

59* 

M| 

9.  55 

60i 
62* 

103* 
142 

10.  40 

11.04 

55£ 

160 

11.  OS 

60* 

167* 

17.") 

11.  20  b 

59* 

Total  e 

115 

243* 

120* 

a  Average,  36*  kw.  h.  per  100  pounds. 

b  Power  off  at  11.15;  metal  poured  at  11.20. 

e  479  pounds  poured. 

Calculated  to  a  24-hour  operation  basis,  the  triple  furnace  gave 
about  3,500  pounds  output  at  730  kw.  h.,  a  fairly  close  check  on  the 
figures  calculated  from  the  other  test  given  above.  The  calculated 
output  is  somewhat  too  low  and  the  power  consumption  somewhat 
too  high,  because  the  furnace  was  not  fully  hot  at  the  start. 

On  a  9-hour  basis,  keeping  the  furnace  hot  the  other  13  hours  at 
10  kw.,  it  appears,  considering  both  tests,  that  the  figures  would  be- 
come about  as  follows:  Output  in  9  hours,  1,400  pounds;  kw.  h.  in  9 
hours'  running,  420 ;  in  13  hours,  empty,  130 ;  total,  550,  or  890  kw.  h. 
per  ton.  The  power  cost  per  ton  therefore  would  be  about  the  same 
as  on  9-hour  operation  without  night  heating,  but  the  output  would 
be  increased  40  per  cent. 

The  best  method  of  operation  can  not  be  calculated  accurately  from 
such  runs  as  these;  it  must  be  worked  out  by  actual  long-time  tests. 
The  triple  No.  20  furnace  did  not  do  quite  as  good  work  as  the  single 
No.  40  furnace,  as  would  be  expected,  because  the  triple  furnace  had 
greater  wall  area  and  more  waste  space  than  the  single  No.  40. 

The  Hoskins  Manufacturing  Co.  later  built  a  double  furnace  for 
two  No.  20  crucibles  in  which  nickel-chromium  alloys  were  melted, 
in  which  there  were  two  rows  of  resistor  plates  along  the  long  sides 
of  the  rectangular  furnace  and  two  crucibles  set  side  by  side  in  the 
same  chamber.  Exact  data  are  not  available.  It  is  said  to  have 
shown  a  materially  decreased  power  consumption  over  the  use  of  two 
separate  No.  20  furnaces,  but  not  as  much  decrease  as  was  shown  by 
the  bureau's  triple  furnace  over  the  single  one. 

OBJECTIONS    TO    CRUCIBLE    FURNACES    TESTED. 

Aside  from  the  general  disadvantages  of  crucible  furnaces — small 
units,  cost  of  crucibles,  and  high  cost  of  labor- -the  main  objection  is 
the  short  life  of  the  resistor  plates.     At  prewar  price-  the  plates  cost 
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about  8  t  nts  apiece,  according  to  size,  and  would  be  more 

live  dow.     In  the  practice  of  the  Hoskina  Manufacturing  Co. 

on  melting  nickel-chromium  alloys  the  plates  are  replaced  every 

Sunday  or  every  other  Sunday,  when  the   furnaces  are  regularly 

I  9  or  10  hours  a  day,  in  order  to  avoid  shutdowns  during  the 

k.     The  electrodes,  end  blocks,  and  connector  plates  also  have  a 

relatively  short  life.    The  failure  of  the  carbon  and  graphite  parts  is 

due  to  the  entrance  of  air  when  the  furnace  is  opened  to  charge  or 

pour  and  to  leakage  of  air.  while  running,  if  the  furnace  is  not  tightly 

closed. 

Sufficiently  exact  data  were  not  obtained  to  give  the  true  cost  of 
carbon  parts  per  ton  of  metal  melted,  but  at  prewar  prices  it  ap- 
red  probable  that  even  on  the  larger  furnaces  the  cost  would  lie 
D  si  and  $2  per  ton.  At  any  rate,  it  would  be  a  considerable 
item  of  expense,  and  it  was  necessary  to  see  if  it  could  be  reduced. 
Through  the  kindness  of  the  National  Carbon  Co.  some  plates  were 
obtained  in  which  a  carborundum  rim  was  molded  around  the  plate, 
forming  t  <d%  "picture  frame"  of  carborundum.    Through  the 

courtesy  of  the  Carborundum  Co.  the  edges  of  some  plates  were  sub- 
bo  silicon  vapor  (the  "siliconizing1'  process)73  and  a  layer  of 
••  -ilundum  "  or  M  silfrax"  formed  thereon.  These  with  plain  com- 
panion plates  were  all  put  in  a  furnace  which  was  run  as  follows, 
cooling  to  room  temperature,  with  the  furnace  closed,  between  each 
heating: 

and  temperatures  of  run  on  protected  resistor  blades. 


Rui. 

Hours 

heat 

Furnace 
empty  or 
melting. 

Maximum 
tempera- 

t  tire  of 
furnace. 

Temper- 
ature of 
metal 
poured. 

: 

3 
11 

i 

i 

l 

2 

B 

Emptj. 

.do 

do.... 

Melting. 

Em] 

Mil' 
Em] 
Mell  • 

•a 

1,860 
1 ,  075 
1,000 

°C. 





;.. .       .                                                                  

1,200 



808 



1,800 



800 

1,000 





1,075 

"iiitx  after  o  total  running  time  of  '-','  hour*. 


.,;ht. 

Oramt. 

in 

Qramt. 
81 

Qrmnu. 

it 

l'<  r  ( '  nl. 

80 

Laigt 

88 

M 

Leqp  A  ••••••'  : 

36 
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The  protecting  coat  tended  to  crack  off  from  both  sorts  of  pro- 
tected plates  rather  early  in  the  test.  While  such  protection  does 
increase  the  life,  it  probably  does  not  increase  it  enough  to  make 
up  for  the  increased  cost.  Protection  of  the  plates  by  placing  them 
inside  a  trough  or  box  made  of  thin  carborundum  slabs,  as  was  done 
on  furnace  6,  was  a  much  more  effective  way  of  preventing  oxida- 
tion of  the  resistor.  Baffling  the  flow  of  heat  by  a  solid  wall  is 
inadvisable  from  the  point  of  view  of  thermal  efficiency  and  might 
be  expected  to  reduce  the  efficiency  materially.  In  the  triple  furnace, 
however,  there  was  no  perceptible  difference  between  the  furnace 
with  open  blades  and  with  blades  in  the  carborundum  box,  either 
on  rate  of  production  or  on  power  consumption. 

Granular  graphite  was  tried  as  a  resistor  material  in  the  triple 
furnace,  held  in  carborundum  troughs,  but  it  was  not  found  possi- 
ble to  maintain  the  resistor  in  a  tall  narrow  trough,  as  hot  spots 
sooner  or  later  developed.  On  making  the  troughs  sufficiently  wider 
and  shallower  to  minimize  that  difficulty  the  voltage,  even  with 
the  wider  and  shallower  trough,  had  to  be  kept  below  a  certain 
limiting  value  for  each  different  resistor  or  the  hot  spots  would 
again  develop.  The  triple  furnace  was  rated  at  50  kw.  and  in  order 
to  get  resistors  in  12-inch  lengths  (2  resistors  in  series)  that  would 
take  50  kw.  it  was  necessary  to  use  troughs  7  inches  wide  by  44  inches 
deep,  inside  dimensions,  filled  evenly  with  14-mesh  graphite  and  cov- 
ered with  carborundum  slabs.  This  resistor  when  fully  hot  took 
about  40  volts  at  1,250  amperes.  Coarser  graphite  would  probably 
have  caused  less  danger  of  hot  spots,  but  none  was  available.  The 
resistors  were  now  each  8  inches  wide  outside  instead  of  about  4 
inches,  as  were  the  carborundum  boxes  inclosing  carbon  plates; 
hence  it  seems  that  the  waste  space  and  the  8  inches  added  length 
demanded  by  the  substitution  of  granular  resistors  would  be  likely 
in  so  small  a  furnace  to  lower  the  efficiency  of  the  furnace. 

A  few  tests  were  also  made  on  the  construction  of  crucible  furnaces 
of  the  multiple  type,  in  which  an  arc  is  used  as  the  heat  source,  but 
when  an  arc  (between  the  two  electrodes)  is  run  near  an  ordinary 
graphite  crucible  bonded  with  clay  the  excessive  local  arc  tempera- 
ture soon  melts  the  bond  and  makes  the  crucible  disintegrate. 

BOCUZE  FURNACE. 

Bocuze74  has  suggested  a  furnace  in  which  a  crucible  rotates  on 
its  vertical  axis  and  is  heated  by  two  arcs,  one  on  each  side,  which 
move  up  and  down,  the  motion  of  the  crucible  and  arc  distributing 
the  heat  uniformly  over  the  surface  of  the  crucible.  This  plan  ap- 
pears to  require  an  unusual  amount  of  mechanism  for  the  heating 

"Bocuae,  J.  \i.,  i  .  s.  Patent    L.053,563,  Feb.   i -,   191S. 
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>ne  crucible,  and  such  a  furnace  would  therefore  be  expensrue  to 
build 

Attempt  made  by  tbe  Bureau  of  Mines  to  beat  a   furnace 

taining  two  crucibles  between  which  was  one  arc  separated  from 
t he  crucibles  by  carborundum  slabs  to  distribute  the  beat  more 
uniformly:  the  carborundum,  however,  was  raised  to  its  decompo- 

>n  point  near  the  arc  before  the  crucibles  were  hot  enough  to 
melt   bra--. 

The  bureau's  work  on  crucible  lift-out  furnaces  indicated  (1) 
that,  although  metal  losses  for  alloys  hi<xhv  in  zinc  were  much  less 
in  electric  crucible  furnaces  than  in  fuel-fired  furnaces,  and  (2) 
although  the  efficiency  of  crucible  lift-out  furnaces  could  be  increased 
by  the  use  of  multiple  furnaces  arranged  for  internal  heatin<r,  with 

stors  between  the  crucibles,  in  place  of  a  single  crucible  with 
Jong  the  walls,  nevertheless  (3)  the  crucible  furnace  can 

be  made  to  compare   in  efficiency  with  furnaces  of  the  hearth 
type.    Tin  I'  crucibles,  also,  and  the  fact  that  at  best  the  crucible 

t\ -jm  mall-unit  furnace,  made  it  advisable  to  turn  to  other  forms 

of  i  ftinui 

FACTORY  TEST  OF  NO.   70  HOSKINS  FURNACE. 

In  th.  time  a  tesi  oil  melting  brass  was  made  by  the  TToskins 

]•']. Lr  Co.  at  its  own   factory  in  a  larger-size  furnace  than 
ribed  above,  a  representative  of  the  Bureau  of  Mines  being 
present    This  rurn  shown  in  Plate  HI,  B  (p.  51). 

ARRANGEMENT     OF    FURNACE. 

The  lift-out  furnace,  <  ailed  the  M  F.  C.  108"  furnace,  was  built  up 

in  an  iron  shell  18  by  18  by  39  inches.    The  furnace  chamber  proper 

It-  this  shell   was   LO  by    L9  by    L6  inches  high.     About   this  was 

a  lining  '>f  magnesite  brick  -J1  inches  thick,  backed  up  by  a  2}-rncb 

layer  of  fire  brick  on  the  sides  and  by  *!  inches  of  fire  brick  on  the 

.    About  the  sides,  thi  between  fire  brick  and  shell,  5 

:ed  with  infusorial  earth.    There  was  a 
,   hole  2  ''   inche    in  the  bottom  of  the  furnace  to  allow 

run   out    if  the  crucible   should   break   in  the   furnace. 

I  lo  ed  with  :i  fire-clay  plug  at  the  bottom. 

T  !  of  two  rows  of  carbon  blades  2j  by  15  by  | 

inr:  g  af  opposite  Bides  of  the  rurnace.    There  was  Just 

n  the  rurnace  chamber  t<>r  a  No.  70  crucible.    The  tongs  were 

on  diagonally,  the  corners  allowing  space  for  them.    A  No.  To 

•  .  of  about  210  pounds  of  red  brass,  or 
pound  Mow  bi  The  hoist  used  to  lift  the  crucible 
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was  a  little  difficult  to  handle  and  the  metal  was  likely  to  spill  into 
the  furnace  during  the  lifting  of  the  crucible  if  filled  too  near  the 
top.  The  electrodes  were  graphite  cylinders  3  inches  in  diameter. 
These  were  laid  in  a  carborundum  fire-sand  packing  and  pressed 
against  contact  blocks  of  graphite  2  J  by  2J  by  15  inches,  which,  in 
turn,  pressed  against  the  blades.  At  the  other  end  of  the  electrodes 
water-cooled  electrode  holders  made  contact  with  flexible  laminated 
copper  connectors,  to  which  the  leads  were  joined.  The  electrode 
holders  were  provided  with  adjusting  screws  by  which  the  contact 
resistance  between  the  blades  could  be  varied  by  varying  the  pressure. 
The  two  rows  of  blades,  about  60  blades  on  a  side,  120  in  all,  were 
joined  in  series  through  three  carbon  plates  1|  inches  thick,  5  inches 
high,  and  19  inches  long.  As  there  is  no  contact  resistance  on  this 
side,  the  carbon  plates,  though  forming  part  of  the  resistor,  have  a 
lower  resistance  than  the  blades  and  generate  little  heat.  On  the 
electrode  side  of  the  furnace  the  furnace  chamber  was  lined  with 
magnesite  brick,  standing  between  the  two  graphite  contact  blocks 
or  "  push  blocks."  Thus  the  melting  chamber  had  magnesite  on  one 
side,  high-resistance  resistors  on  two  sides,  and  low-resistance  resistor 
on  one  side.  The  heat  was  generated  mainly  in  the  sides  with  the  two 
high-resistance  resistors  and  was  not  evenly  distributed  about  the 
crucible. 

The  furnace  chamber  was  raised  4  inches  above  the  furnace  shell 
by  large  fire-brick  blocks  about  2  by  1  by  4  feet,  so  laid  as  to  pro- 
ject 2i  inches  over  the  resistor  blades,  at  1  inch  distance  above 
them.  This  distance  is  rather  small,  and  the  fire  brick  began  to  drip 
a  little  at  the  end  of  the  tests,  although  no  serious  trouble  resulted. 
The  projecting  ledge  served  to  protect  the  tops  of  the  blades  from 
oxidation  and  the  operator  from  some  of  the  direct  radiation  when 
he  pulled  the  crucible  from  the  furnace. 

The  fire-brick  blocks  were  not  tightly  laid,  and  the  iron  shell  might 
well  have  been  4  inches  taller.  The  fire-clay  plug  in  the  drainage 
hole  in  the  bottom  was  not  tight,  and  there  was  some  draft  through 
the  furnace  from  top  to  bottom,  as  the  furnace  was  not  properly  closed. 
This  draft  hastened  oxidation  of  the  blades  and  increased  the  zinc 
loss  from  volatilization.  On  top  of  the  massive  blocks  was  a  cover  of 
4-inch  fire  brick,  with  a  charging  hole  in  the  center,  that  was  in  turn 
covered  with  fire  brick. 

DETAILS  OF  TEST. 

The  run  on  May  5,  1914,  began  at  10.15  a.  m.,  the  furnace  being 
cold.  The  metal  melted  on  this  day  was  yellow  brass  ingot  contain- 
ing 66  per  cent  copper,  83  per  cent  zinc,  and  1  per  cent  lead.    The 

first  two  charged  were  of  ingots  weighing  about  30  pounds  each.    The 
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metal  was  poured  into  smaller  Ingots  weighing  about  LO  pounds  each. 

The  transformer  efficiency  was  not  known,  but  it  was  probably  not  as 
hiu:  d  ordinary  transformers,  as  i  special  testing  set  of  trans* 

formers  had  been  designed  for  ready  control  by  a  Dumber  of  changes 
in  voltage  rather  than  for  efficiency.  Calculating  transformer  effi- 
ciency at  LOO  per  cent,  the  furnace  was  started  on  234  volts.  240 
ami  .a.  on  the  primary,  and  4:2.5  volts,  1,300  amperes,  on 

ondary.  As  the  resistor  wanned  up  the  power  taken  increased, 
till  in  halt"  an  hour  the  primary  showed  290  volts,  390  amperes,  85 
k\.  a.,  corresponding  to  40  volts.  2,160  amperes,  on  the  secondary. 
This  was  too  high  a  current  for  the  leads,  which  began  to  heat  up,  as 
the  lea  dot"  four  cables,  each  of  about  300,000  circular  mils. 

h  ..1'  then  two  leads  was  about  6  feet  long.     The  transformer 
d  at   L0.57  a.  m..  so  that  for  220  volts,  390  amperes, 
>.">  kv.  a.  OB  the  primary,  the  secondary  was  taking  about  45.5  volts, 
1,760  amp  res.     About  }><>  pounds  of  metal  had  been  charged  at  the 
rt,   and   it    took   till    noon,  or   1]   hours,  before  this  had  melted 
90  that  another  30-pound  ingot  could  be  charged.     Up  to  noon 
kw.  h.  had  been   used.      (The  watt-hour  meter  being  of  course 
the  primary  all  kw.  h.  figures  include  transformer  and 
lead  losses.)    The  heat  went  on  more  rapidly  from  that  point,  till  at 
.:   p.  i;,.  the  charge,  totaling   1M1   pounds  of  metal,  was  all  in. 
I  run  at  an  average  of  85  kw.  until  12.30  p.  m.,  when 
was  reduced  by  regulation  of  the  blade  pressure  to  about 
^<»  kw..  at  which  figure  it  ran  till  L2.39;  it  was  then  reduced  further 
I  then  progressively  to  i:>  kw.  at  12.45,  when  the  metal 
('.  and  the  heat  was  poured.    The  heat  took  2J  hours 
an-,  kw.  h..  or  I'd  kw.  h.  per  100  pounds  on  the  first  heat 

fro:  lid    furnace.     The   men    who   poured   the   metal  into  ingots 

d    to   crucibles   of   this   size    and   spilled   a    good   deal, 
inc:  There  was  poured    1  7<'»  {    pounds  of  ingot, 

and    \\    pounds  of   .lean    metal    were    recovered    from   spillings   and 

.    The  1 1 *  t  lose  mua  thus  <U  per  cent.     A  little  salt  was 
ton  th'^  bad  and  on  subsequent  heats. 

kept  on  between  heats,  but  the  adjusting  screws 
liut  not  much  power  was;  drawn  by  I  he  furnace. 
■  d   while  the   furnace  was  empty  is  charged  to  the 

following     The  other  beats  v. ill  not  be  described  in  detail, 

but  ibulafe  Table    ; 
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Table  13. — Test  of  Hoskins  furnace,  No.  70  crucible,  on  yelloic-brass  ingot. 


Heat  No. 

Time  cur- 
rent on. 

Current  off. 

Amount 
charged. 

Ingot 
poured. 

Metal 
recov- 
ered 
from 
spill 
and 
skim. 

Total. 

Net 
metal 
loss. 

Pouring 
temper- 
ature. 

Kw.h. 

used. 

1 

2 

10.15  a.  m.. 
12.55  p.  m. . 
2.04  p.m... 
3.15  p.  m... 
4.10  p.m... 

12.45  p.m.. 

1.56  p.  m... 

2.57  p.m... 
4.03  p.m... 
4.42  p.m... 

Pounds. 
181.50 
188.25 
194.00 
192.00 
107.  50 

Pounds. 
176.25 
183.00 

(0) 
186.50 
104.00 

Pounds. 
4.5 
4.5 

180.75 
157.50 

Pounds. 

0.75 

.75 

°C. 

1,060 
1,065 
1,065 
1,060 
1,065 

a  183 

78 

3 

75 

4 

4.0 
3.0 

190.50 
107.00 

1.50 
.50 

68 

5 

46 

Total... 

863.25 

c3.  50 

<*450 

o  Furnace  cold  at  start. 

b  Much  metal  spilled  into  furnace  in  lifting  pot. 

c  Net  metal  loss  on  669.25  pounds,  3.50  pounds,  or  0.52  per  cent. 

d  That  is,  1,010  k\v.  h.  per  ton. 

At  5.06  p.  m.  the  outside  wall  of  the  furnace  was  at  80°  C.  At 
7.10  the  next  morning  it  was  at  70°  C,  and  the  melting  chamber 
was  at  600°  C. 

On  the  next  day,  May  6,  with  the  furnace  hot  from  the  previous 
day's  run,  a  red  brass  containing  33  per  cent  copper,  4  per  cent  tin, 
5  per  cent  lead,  and  7  per  cent  zinc  was  melted.  Using  the  same 
transformer  ratio  as  was  used  at  the  last  (and  during  most  of  the 
run  of  May  5),  the  furnace  was  started  at  7.20  a.  m.,  taking  53  kw. 
As  the  resistor  became  heated  more  power  was  drawn,  till  at  8.50 
a.  m.  it  had  reached  92.5  kw. ;  from  this  point  it  was  run  at  80  to 
85  kw. 

Seventy-five  pounds  of  metal  (in  25-pound  ingots)  was  charged 
at  the  start.  Xo  more  could  be  charged  till  8.40  a,  m.,  and  the  whole 
charge  of  202J  pounds  (all  in  about  25-pound  ingots)  was  in  at 
9.09  a.  m..  At  9.20  a.  m.  the  metal  was  at  about  1,050°  C,  and  at  9.36 
a.  m.  it  was  at  1,200°  C,  when  it  was  poured.  This  heat  and  the 
later  heats  are  tabulated  in  Table  14. 

Table  14. — Test  of  Hoskins  furnace,  No.  70  crucible,  on  red-brass  ingot. 


Heat 

No. 

Time  cur- 
rent on. 

Current 
off. 

Amount 
of  ingot 
charged. 

Ingot 
poured. 

Metal 
recov- 
ered 
from 
skim 
and 
spill. 

Total. 

Net 
metal 
loss. 

Pouring 
tempera- 
ture. 

Kw.h. 
used. 

1 

2 

7. 20  a.  m. 

9.45  a.  m. 
10.53  a.  m. 
11.55  a.  m. 

1.04  p.  i:i. 
1.57  p.  m. 

2.  47  p.  m. 

3.  40  p.  m. 

9.36  a.  m. 
lo.  4d  a.  m. 

Pounds. 
202. 50 
203.  00 

Pounds. 

108.25 

(») 

189.  00 
194.50 

1  -s.  75 

Pounds. 
3.25 

201.50 

Pounds. 
1.00 

°C. 

1,200 

1,200 

1   180 
1,200 
1,  180 
1.  180 

ol64 
79 

3 

11.45  a.m.       192.25 

2.00 
1.00 
1.25 
4.25 

191.00 

195.  50 
193.  25 
193.00 
191.50 
189.50 

1.25 

.50 

70 

4 

612.55  p.  m. 
1.50  p.  in. 
2.41  p.  m. 
3.  33  p.  m. 
4.27  p.  m. 

196.00 
193.75 
103. 50 

192.00 
190.00 

M7 

5 

e65 

6 

4- 

7 

190. 00          1.50 
187)               2.00 

49 

8 

Total 

1,503, 

^4.75 

<■  HO 

a  Furnace  warm  at  start  from  previous  day's  run. 
*>  Pot  too  full;  metal  spilled  into  furnace  in  lifting. 

c  Low  power  for  20  minutes  and  none  at  all  for  12  minutes  (noon  hont  I  while  mctnl  was  In  crucible. 
Note  reduction  in  kw.  h.  i  iseof  om  of  stored  heat,  which  had  to  be  replaced  on  aezl  beat. 

d  Net  metal  Loss  on  I,  360  i><»unds,  4. 75  pounds  or 0. 35  percent. 
<  Average,  730  kw.  h.  per  ton. 
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The  i.  >n  red  brass,  starting  with  a  warm  furnace,  are  much 

better  than  on  the  run  of  five  heats  on  yellow  brass,  starting  with  a 
cold  furnace.    With  the  furnace  hot  in  the  morning  from  a  previous 

;n.  the  power  consumption  for  yellow  brass  would  apparently 
l  < »  k  w.  h.  per  ton.  The  crucible  was  in  far  better  shape  a  fter 
13  heats  in  the  electric  furnace  than  it  would  have  been  after  13  heats 
in  a  fuel-tired  furnaee.  The  efficiency  of  the  No.  TO  furnace  was 
onlv  a  very  little,  if  any,  better  than  that  of  the  No.  40  furnace, 
although  the  larger  furnace  would  be  expected  to  show  better  results. 
The  relatively  better  results  of  the  No.  40  furnace  are  probably  due 
to  the  use  of  resistor  plates  on  four  sides  of  the  crucible  instead  of  on 
two  only.  There  was  a  visible  difference  in  temperature  in  the  No.  TO 
between  the  sides  on  which  the  resistors  were  placed  and  the 
other  two  sides. 

FOUNDRY   TEST  OF  NO.   70  HOSKINS  FURNACE. 

In  order  to  collect  information  on  electric  brass  melting,  the  Com- 

ilth    Edison  Co.,  of  Chicago,  purchased  a   Iloskins  furnace 

take  a  Xo.  TO  crucible,  installed  it,  and  tested  it  at  the 

plant  of  the  L.  Wolff  Manufacturing  Co.     The  test  was  conducted 

Mr.  11.  M.  St.  John,  of  the  Commonwealth  Edison  Co.,  in  1915, 

by  wh<  '         the  following  data  are  made  available. 

The  furnace  was  in  actual  operation  40  days,  in  which  it  produced 

1T1  beats  of  about  200  pounds  Back*  or  about  17  tons  of  metal.    This 

:  Lge  of  only  a  little  over  four  heats  a   day,  but  does  not 

represent  the  productive  capacity  <>t'  the  furnace,  as  operation  was  on 

experimental  bai 

RELIABILITY. 

the  tesl  the  furnace  had  to  be  shut  down  eight  times  for 

fun  -.  four  times  when  the  breaking  of  a  crucible  let  the 

e  furnace  chamber,  twice  for  failure  of  cover  slabs,  once 

the  magnesite  lining,  and  once  for  failure  of  the 

>r. 

I  breakage  was  apparently  due  to  the  use  of  a  No,  80 

furnace  only  designed  for  a  No.  70,  thus  bringing  the 

to  the  resistor.    Vertical  cracks  developed  at  the 

of  the  crucibles,  apparently  due  to  too  rapid  heating  of  the 

top.    The  crucibles  averaged  a 
lif,  dy  L9  heats,  against  a  record  of  85  heals  claimed  for  the 

oil   furnace!  of  the  plant    There  was  much 

ding  in  the  electric  than  in  the  oil  furnaces; 

it  •  id  be  prevented  the  crucible  life  in  the  electric 
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furnace  should  be  superior.  It  seemed  probable  that  by  using  resistor 
plates  on  all  four  sides  of  the  furnace  instead  of  on  two  only  and 
by  using  the  No.  TO  crucible,  for  which  the  furnace  was  intended,  a 
more  even  heating  of  the  crucible  and  a  satisfactory  crucible  life 
would  result. 

A  larger,  more  easily  opened  tap  hole  in  the  furnace  bottom  could 
readily  be  installed,  and  shutdowns  thus  avoided  if  a  crucible  did 
break  in  the  furnace.  The  shutdowns  due  to  failure  of  the  cover 
bricks  could  be  prevented  by  using  a  better  grade  of  brick  or  by 
keeping  spare  covers  on  hand. 

The  magnesite-brick  lining  was  not  a  success,  as  under  the  inter- 
mittent operation  of  the  test  it  spalled  badly  after  two  weeks'  service. 
It  was  patched  up  and  kept  going  throughout  the  test,  but  it  was  a 
cause  of  continual  anxiety.  Inasmuch  as  the  Hoskins  Manufacturing 
Co.  had  very  good  results  from  furnaces  with  carborundum  linings  in 
melting  nickel-chromium  alloys,  and  hence  run  under  more  severe 
conditions  than  a  brass  furnace,  it  was  believed  that  by  replacing  the 
41,-inch  magnesite  lining  by  one  made  of  2J-inch  magnesite  and  2J- 
inch  carborundum,  with  the  carborundum  inside,  the  life  of  the  lining 
could  be  made  satisfactory. 

Shutdowns  from  failure  of  the  resistor  or  other  carbon  parts  can  be 
prevented  by  replacing  such  parts  on  the  Sunday  before  they  would 
fail.  Experience  is  needed  to  enable  the  operator  to  predict  just  when 
failure  would  occur;  with  such  experience,  shutdowns  should  be  in- 
frequent. 

While  it  was  impossible  to  make,  during  the  test,  the  changes  indi- 
cated by  the  test  as  desirable,  there  seemed  no  reason  why  the  furnace 
should  not  operate  steadily  and  reliably  if  the  suggested  improve- 
ments should  be  made. 

EFFICIENCY. 

The  furnace  could  not  be  run  at  maximum  efficiency,  as  it  was 
placed  so  far  from  the  molding  floor  that  the  metal  had  to  be  carried 
much  farther  than  would  be  necessary  in  practice.  This  meant  that 
the  metal  had  to  be  heated  more  than  normal  and  that  the  loss  of  time 
in  pouring  was  much  more  than  should  be,  probably  handicapping  the 
furnace  about  one  heat  in  a  9-hour  day.  Operating  on  yellow  brass 
of  G5  per  cent  copper,  33  per  cent  zinc,  and  2  per  cent  load,  with  the 
metal  poured  at  1,100,°  C,  the  average  results  shown  in  Table  15  were 
obtained. 
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i  tlta  of  foundry  test  of  Hoskins  furnace,  .   "  pound  heats. 

Monday,  starting  with  furnace  practically  cold. 


Seat 

Time  of 
beat.* 

Kw.  h. 

USl'tl. 

Output. 

1 

//.  m. 
■2   a 
i  ae 

1    20 
1     10 
1     10 
1    05 

apt 

91 
78 
72 

66 

3 

Pound*. 

6. 

''  1,  200 



8    53 

610 

Regular  operation,  no  night  heating,  hut  furnace  hot  from  previous  day's  run. 


1 

H. 
2 

m. 
10 
22 
18 

10 
10 

().-) 
(II) 

162 

91 
79 
77 

62 

58 

1 



3 

1 

4                                        

1 

5..                               

1 

1 

Pound*. 





1 

c  l,  tOO 

Total                                     

9 

15 

Saturday  (half  day). 


Total. 


t    60 


a  Actual  ninnini-  time  per  heat,  plus  1'  '')  pour  and  charge. 

<*  1, 100  kw.  h.  per  ton. 

Result*  'if  a  week's  operation. 


Monday. 
Tuaaday  to  F  r.  ! »-.-. 


Total 


«900  kw. 


11.     VI. 

2    10 

162 

1     22 

91 

1     18 

79 

332 


Pounds. 
600 


7,400 


d000 


Kw.li. 


810 
832 


•  3,330 


B         •  p  125  kw.  Ii.  during  the  nighl  (aboui  S  kw.)  to  keep  the 
fur;  folio*  i  were  obtained : 
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Rt  suits  of  heats. 


Heat  No. 


Total. 


Time  of 

Kw.h. 

heat.o 

used. 

//.   m. 

V>) 

125 

1    44 

136 

1     19 

91 

1    18 

77 

1    06 

75 

1    03 

71 

1    00 

68 

1    00 

c55 

1    00 

51 

9    30 

749 

Output. 


Pounds, 
d  1,600 


a  Actual  running  time  per  heat,  plus  10  minutes  to  pour  and  charge. 
b  Night. 

e  Power  input  reduced  on  last  heat,  utilizing  some  stored  heat. 
d  950  kw.  h.  per  ton. 

Xight  heating  at  this  rate  increases  the  output  by  one  heat,  but 
raises  the  energy  needed  per  ton.  Eight  kw.  are  insufficient  to  hold 
the  furnace  hot  enough  over  night  to  affect  materially  the  production 
rate. 

On  a  24-hour  operation  the  furnace  could  produce  200  pounds  per 
hour,  or  4,800  pounds  per  day,  at  55  kw.  h.  per  heat,  or  550  kw.  h. 
per  ton. 

About  10  per  cent  of  the  power  supplied  (about  80  kw.  on  the  first 
couple  of  heats  of  a  9-hour  day,  about  60  kw.  thereafter)  was  lost  in 
the  electrode  cooling  water. 

ELECTRICAL     CHARACTERISTICS. 

Like  any  purely  resistance  furnace,  the  power  factor  was  unity. 
Under  usual  operation  the  voltage  and  amperage  for  different  rates 
of  power  were  as  follows : 


Table  16. — Comparison  of  current  rallies. 


Kw. 

Volts. 

Amperes. 

Kw. 

Volts. 

Amperes. 

100 
90 
85 
80 

50.0 
47.4 
47.2 
45  8 

2,000 
1.900 
1.800 
1,750 

75 
70 
65 

41.7 
41.2 
40.7 

l,SO0 
1,700 
1,600 

By  varying  the  pressure  on  the  plates  at  any  given  voltage  the 
power  input  can  be  varied  25  per  cent  and  still  give  good  operating 
conditions.  Larger  variations  could  be  made,  but  result  in  less  satis- 
factory operation,  BO  that  voltage  control  is  also  necessary. 

Where  resistor  plates  are  used  on  four  sides  of  the  furnace  instead 
of  two,  there  would  be  a  greater  allowable  percentage  of  power 
regulation  by  altering  the  resistor  pressure,  the  voltage  would  be 
0S7l,:,,°— l>l> G 
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increased,  the  current  lowered,  rod  bwice  the  power  loss  in  electrode- 
ling  water  decreased  and  the  efficiency  raised  somewhat. 

LIFE    OF    CARBON    PARTS. 

The  average  working  day's  life  of  the  various  carbon  parts  was 
s:  Carbon  resistor  plates  and  graphite  hack  plates,  lvJ  to  11 

5;  graphite  push  blocks  and  electrodes,  LH  to  30  days. 

METAL    LOSS. 

Only   a    few   determinations   of   metal   loss   were   made.      On  the 

yellow  brass   (33  per  cent  zinc)  used,  the  charge  containing  12  per 

ly  borings  and   Is  per  cent  <rates,  with  some  adhering  sand, 

the  :c  net    Loss,   by   comparing  weight  of  metal   charged   and 

weight  of  ingot  poured  (1,100°  C),  was  1.1  per  cent,  no  deduction 

mad<   for  the  nonmetal  in  the  charge.    By  weighing  the  charge 

bing  the  crucible   full    of  molten  metal  before  and  after 

iring  in  order  1-  gel   the  weight  of  metal  in  the  pot,  a  net  loss 

cent  was  found  on  the  yellow  brass.    The  latter  method, 

heate  of  red   brass    (20   per  cent  oily  boring  and    l-'i   per 

0.35  per  cent  net  loss.    The  net  loss  on  yellow  brass 

in  the  crucible  lift-out  oil   furnaces  ran  between  3  and  4  per  cent. 

Tl  a  made  with  electrically  melted  metal  were  subjected 

•tion  and  to  hydraulic  tests  and  were  reported  to  be 

of  the  same  quality  a-  metal  from  the  oil-fired  crucible  furnaces. 

A  comparison  of  melting  costs  was  made  for  yellow  brass,  as  fol- 

( 1915  conditions')  : 

Tami k  it. — Comparative  meltkia  cost*  with   oil  and  electric  crucible  lift-but 

furnaces. 

Oil   Furnace. 

ii  per  ton,  :<?  1  cents  per  gallon $1.70 

Pumping  of]  and  blowing  air .no 

.  25 

3  per  cent,  al  10  cento  per  pound     6.00 

•-r    1,  10 

Crucibles  ;it  $flj£g  each,  life  :'..")  beats  of  -'<*>  pounds L.60 

Tot*} 11.  1  ] 

Electric    Furnace.     • 

ration,  no  nlghl  heath 

:mh»  kw.  h.  per  ton  ;if  1  cenl  per  kw.  h.  $0.00 

Maintenance  ( peal                          tc«  >  1. 00 

M  oil  furnace  >    L  bO 

1  :  -  :      me  as  in  oil )  1 .  ~>( ) 

ent,  ;it  10  cents  per  pound  -                  2.  no 

Total.    14.00 
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Electric  Furnace. — Continued. 
24-hour  operation : 

Power,  550  kw.  h.  per  ton  at  1  cent  per  k\v.  h 5.  50 

Maintenance 1.  00 

Labor 1. 10 

Crucibles 1.  50 

Metal  loss-, 2.00 

Total 11. 10 

The  better  working  conditions  resulting  from  the  use  of  the  elec- 
tric furnace,  due  to  its  great  cleanliness,  quiet,  and  coolness,  compared 
to  the  oil  furnaces  are  not  assigned  pecuniary  valuation  in  the  above 
comparison,  although  the  advantages  were  apparent.  These  factors 
were  assumed  to  balance  the  interest  and  depreciation  charges  on 
the  electric  furnace,  which  were  not  included  in  the  calculation.  The 
price  of  a  furnace,  taking  a  No.  70  crucible,  with  complete  auxiliary 
equipment  ready  to  attach  to  a  110-volt,  60-cycle  current  (but  not 
including  transformer  for  stepping  down  from  2,200,  4,400,  or  6,600 
volts  to  110  volts),  on  August  1,  1916,  was  about  $1,500.  It  is  seen 
that  for  the  electric  crucible  lift-out  furnace  to  compete  with  an  oil 
furnace  at  these  figures  the  electric  furnace  must  be  used  24  hours 
a  day  and  must  be  developed  to  equal  or  surpass  the  oil  furnace  as 
regards  crucible  life.  Even  then,  at  the  assumed  prices  of  oil  and 
of  electric  power,  the  only  opportunity  for  the  electric  crucible  fur- 
nace is  its  reduction  of  losses  in  metal.  The  higher  the  value  of  the 
metal  lost  the  greater  is  the  chance  for  the  electric  furnace. 

It  is  obvious  that  under  the  1915  conditions  at  the  plant  the  elec- 
tric crucible  furnace  was  not  promising  and  the  furnace  was  not 
used  after  the  test,  nor  was  the  test  continued  to  try  out  the  im- 
provements suggested. 

CADWELL  FURNACE. 

A  crucible  lift-out  furnace  designed  by  Cadwell,w  primarily  in 
portable  form  for  melting  copper  for  bonding  purposes  on  an  elec- 
tric railroad,  and  hence  made  to  utilize  current  from  the  trolley  wire 
or  third  rail,  contains  one  or  more  small  crucibles  resting  on  (but 
not  surrounded  by)  a  bed  of  granular  carbon,  to  which  the  granu- 
lar resistor  current  is  led  by  two  vertical,  adjustable  electrodes. 
From  these  electrodes  arcs  are  drawn  to  the  resistor,  so  that  the 
crucible  is  heated  by  radiation  from  arcs  on  two  sides  and  by  con- 
duction and  radiation  from  the  resistor  below. 

Further  details  of  the  design  will  be  found  in  the  patent.  It  is 
stated  that  two  crucibles,  each  containing  20  pounds  of  copper,  may 
be  brought   to   1,375     ('.   in  90  minutes,  but   it   i-  not   stated   whether 

TCCadwell,  .  A..  I".  B.  Patent   1,290,002,  Jan.  14,  L910;  application  filed  May  1,  ]U17k 
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this  refers  to  starting  from  the  cold  or  to  starting  with  the  furnace 
already  up  to  temperature.     No  data  on  power  consumption,  fur- 
e  upkeep,  etc,  are  given. 

RENNERFELT   CRUCIBLE  LIFT-OUT  FURNACE. 

A  recent  patent  to  RennerfeltTI  for  a  multiple-crucible  lift-out 
furnace  for  melting  metals,  glass,  etc.,  is  of  interest,  although  no 
data  on  its  operation  are  available.  In  this  furnace  is  used  the 
principle  of  internal  heating  previously  utilized  in  the  triple-crucible 
furnao  1  by  the  Bureau  of  Mines.    The  heating  element  of  the 

fui'  in  the  center,  and  crucibles  are  placed  all  around  it  in  a 

ilar  furnace  or  on  both  sides  of  it  in  a  rectangular  furnace. 

I  is  gen<  rated  by  arcs  struck  from  three  vertical,  adjust? 
s.  in  a  three-phase  furnace,  to  a  bed  of  granular  carbon 
ield  in  a  dish-shaped  carbon  or  carborundum  receptacle 
or  in  a  trough  of  one  of  those  materials  in  the 
_rular  furnace.    The  presence  of  the  granular  resistor  material 
.     3,  and  .--(•me  heat  is  generated  by  the  passage  of  cur- 
tor. 
ks  to  the  source  of  heat,  then,  the  furnace  would  be  classed  as  a 

granular  resistor  furnace.    While  some 

ly  to  the  crucibles,  it  is  mainly  radiated  from 

nd  from  the  :  P  to  the  roof,  from  which  it  is  reflected 

or  domed  roof.     The  central  part  of  the 

i  the  heating  element  will  receive  extremely  severe 

the  inventor,  who  stipulates  that  car- 

I  ia,  or  -iiij ilar  extremely  refractory  materials  should 

!  in  those  parts  of  the  furnace  receiving  direct  radiation.    In- 

I   mof.  with  openings  through   which   to 
withdraw  the  crucibli     b      '  rtical  lifting,  openings  in  the 

led  for  taking  out  each  crucible  as  well 

This  detail  would  make  B  special  pair  of  tongs 

wit).  n  arm  n<  .    for  thrusting  tbe  tonga  into  the 

fun  counterbalance  on  the  other  side  of  the  hoist 

be  taken  out. 
the  poinl  of  of  th  rmal  efficiency  alone  this  design  is 

probably  one       I  fiat  has  been  ted  for  an  electric  cru- 

cible I  ide  from  the  danger  of  short  life  in  the 

main  qi  which  could  be  answered  only  by  experi- 

1    ated  primarily  from  one  Bide  by 

dl  show  a  reasonable  life  and 

i  he  top  v.  ould  noi  give  rise  to  the  same 

llble    fr  I  low    bl  it    w:i^  encountered    in 

•■  .  .      p.    1916  ;  application  filed  May  12,  1919. 
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the  Bureau  of  Mines  experiments  on  the  Hoskins  type  furnace  5 
in  using  a  tall,  cylindrical  crucible  more  strongly  heated  at  the  top 
than  at  the  bottom. 

If  such  difficulty  is  encountered  in  the  design  shown  in  the  Eenner- 
felt  patent,  it  might  be  reduced  by  raising  the  crucibles  higher  in 
the  furnace,  obtaining  thus  more  direct  heating  on  the  sides  of  the 
crucibles. 

If  any  alloys  are  found  which  it  is  metallurgically  impossible  to 
handle  in  an  electric  hearth-type  furnace  and  if  an  electric  crucible 
lift-out  furnace  is  to  be  tried,  the  Rennerfelt  idea — worked  out  with 
care  in  lining  the  furnace  with  the  most  refractory  materials,  in 
avoidance  of  excessive  top  heating,  and  in  convenience  in  remov- 
ing the  crucibles — seems  one  of  the  most  promising  yet  presented. 
The  scheme  has  been  worked  out  on  a  hearth-type  furnace  and  will 
be  referred  to  again  under  that  heading. 

GENERAL  ELECTRIC  CO.  CRUCIBLE  FURNACE. 

The  General  Electric  Co.  has  recently  developed  a  small  single™ 
phase,  50-pound,  40-kw.  crucible  lift-out  furnace  in  which  heat  is 
developed  by  the  principle  of  contact  resistance,  which  will  be  de- 
scribed in  connection  with  the  General  Electric  hearth-type  brass 
melting  furnaces.  This  is  designed  for  use  in  metallurgical  labora- 
tories by  manufacturing  jewelers  or  by  manufacturing  concerns  so 
situated  that  they  can  not  use  fuel-fired  furnaces,  as  in  a  loft  build- 
ing of  a  large  city.  In  other  words,  it  is  designed  for  users  who  melt 
relatively  small  amounts  of  nonferrous  metals  under  such  condi- 
tions that  a  high-power  consumption  is  immaterial.  The  furnace  is 
not  claimed  to  be  efficient,  as  its  rate  of  melting  copper  (heated  to 
1,300°  C.)  on  24-hour  operation,  with  the  furnace  fully  heated  up, 
is  given  as  700  to  800  kw.  h.  per  ton.76a 

PFRETZSCHNER  FURNACE. 

A  furnace  of  which  nothing  is  known  beyond  the  patent  specifi- 
cation is  described  by  Pfretzschner.77  A  crucible  rests  on  one  elec- 
trode, and  another  electrode,  coated  with  electrically  insulating  ma- 
terial for  melting  materials  that  are  conductors,  is  located  inside 
the  crucible  and  by  a  screw  device  exerts  variable  pressure  on  the 
bottom  of  the  crucible.  The  bottom  of  the  crucible,  and  to  a  certain 
extent  the  upper  electrode,  are  supposed  to  act  as  resistors.  Thus 
the  crucible  is  heated  from  the  bottom.  After  the  charge  i<  melted 
the  upper  electrode  is  raised  and  the  crucible  lifted  out.  It  does  not 
seem  possible  to  operate  such  a  furnace,  as  the  amperage  required 

76a  Anonymous,    muffled-arc   electric    furnace   for   HOnfeiTOUS    metal  B :    linn    Age,    vol.    1i>7, 
1921,  pp.  985-1047. 
77  rfrct/schiicr  &  <".,..  German  Patent  244,171,  alaai  -Hi.  group  7.  liar.  l.  coj. 
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would  be  enormous,  the  voltage  infinitesimal,  and  the  chances  very 
small  of  generating  sufficient  heat  in  the  bottom  to  do  any  melting 
without  raining  the  crucible, 

METAL  LOSSES  IN  FUEL-FIRED  PRACTICE. 


It  is  quite  impossible  to  make  any  accurate  generaliza 
es  in  fuel-fired  practice.    Figure  6  shows  the  da 


cations  as  to 
practice.    Figure  6  shows  the  data  received 
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inn  iMinaw  ihn 

I  in  the  preparation  of  Bulletin  78.    The  amount  of  fine 

il  in  the  charge,  the  amount  of  nonmetallic  material  present, 

prod     t    of  combustion  pan  over  the  metal,  the 
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area  of  metal  surface  exposed,  the  atmosphere  in  the  furnace  (reduc- 
ing, neutral,  or  oxidizing),  the  time  the  metal  is  in  the  furnace, 
whether  or  not  charcoal  and  fluxes  are  used,  and  the  care  taken  in 
the  operation  of  the  furnace,  as  well  as  the  composition  of  the  alloy 
and  the  type  of  furnace,  are  all  variables. 

Nevertheless,  to  draw  tentative  conclusions,  it  might  be  said  that 
from  the  evidence  collected  on  fuel-fired  practice  the  net  metal  losses 
on  different  alloys  would  average  fairly  close  to  those  in  Table  18, 
provided  (1)  that  the  type  of  fuel-fired  furnace  best  adapted  to  give 
low  metal  losses  were  used  for  each  alloy:  (2)  that  each  furnace  were 
well  operated;  and  (3)  that  suitable  allowance  were  made  for  the 
nonmetallic  part  of  the  charge  and  for  recovery  of  metal  from  ashes, 
spillings,  and  skimmings.1 
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Table  18. — Metal  losses  in  fuel- fired  furnaces. 


Composition  of  alloy, 
per  cent. ' 

Net 
metallic 
loss  on 

new 

meta  1  or 

ingot. 

Net 
metallic 
loss  on 

all 

borings. 

Cu. 

Zn. 

Sn. 

Fb. 

88 
85 
80 
75 
65 
66 
60 

2 
5 

10 
16 
32 
34 
40 

10 
5 
5 
3 

5 
5 
6 
3 

Per  cent. 
1.0 
2.0 
2.25 
2.75 
a3.5 
*>2.5 
4.0 

Percent: 
1.5 
2.5 
3.0 
4.0 
5.0 

10.0 

a  Foundry  practice.        b  Rolling-mill  practice. 

Many  plants  may  show  poorer  figures ;  a  few  may  show  better,  but 
most  managers  are  content  if  their  average  is  as  good  as  the  data 
above. 

The  task  set  for  the  electric  furnace,  then,  is  to  improve  these 
figures.  Data  to  show  that  the  task  has  been  accomplished  will  follow 
throughout  this  report. 

METAL  LOSSES  IN  BUREAU  OF  MINES   EXPERIMENTS  WITH 
CRUCIBLE  LIFT-OUT  FURNACES. 

The  foundry  test  on  the  Hoskins  furnace  previously  cited  empha- 
sizes the  importance  of  the  reduction  of  metal  losses  in  meltiug.  sis  it 
only  the  reduction  of  these  losses  that  decreased  the  cost  of  melt- 
ing to  a  point  where  there  was  any  possibility  of  competing  with 
fuel-fired  furnaces.  These  losses  on  both  the  foundry  and  Factory 
tests  of  the  No.  70  Hoskins  furnace  were  far  lower  than  in  fuel-fired 
practice.  During  the  Bureau  of  Mines  tests  of  the  smaller  Hoskins 
type  of  furnaces  figures  of  metal  loss  were  regularly  obtained.     Only 

7"  See  iiiso  Collins,  i:.  i\.  Melting  some  nonferrous  metala  and  their  alloys  in  (he  elec 
trie  fnrinic- :  'Table  10,  Chem.  and  Met.  Eng.,  vol.  21,  1919,  p.  <;7*.»  ;  Metal-loss  flgun 
the  brass  foundry:  Met.  in<i.  (London),  vol.  16,  1919,  p.  481. 
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w  of  those  figures  are  summarized  here,  as  fchey  merely  corrobo- 
rate the  finding  of  low  losses  on  the  larger  furnaces,  and  fchey  did  not 
n  vari  »r  forms  of  the  crucible  lift-out  furnaces.    In 

the  i  tsts  oi  natal  loss  made  by  the  Bureau  of  Mines  the  metal  was 
;ed  into  ingots.    When  oily  borings  were  used,  the  amount  of  oil 
mined  and  its  weight  deducted  from  the  total  weight  of 
the  chai 

-Metal   loss,  s   in   electric  crucible  lift-out   furnaces. 


Heat,  composition  of  charge,  per 

cent. 

Material. 

A.ver- 

agp 
pour- 
ing 
tem- 
pera- 
ture. 

Weight 

of  metal 

charged 

Weight 

of  in. t;ot 
poured. 

Weight 

recov- 
ered 
from 
spitt- 
ings. 

Total 
weight 
recov- 
ered. 

Loss. 

Net 

loss. 

Cu. 

Zn. 

l'b. 

43  to  4 » 

100 
93.5 

78.5 

61.4 
62.5 
63 

58 

Ingot 

ngs. 

Oxk. 
miliums 
passing 
20-; 

...do 

...do 

...do 

ags. . 

. .  .do 

Tur 

°C. 
1.  L20 

1,230 

1,200 
1 . 1 55 

l.u::, 
L060 

Pounds. 

7a  25 

96.00 

147.00 

989.75 

720.  00 
53' >.  (K) 

146.25 
140.20 

Pounds. 

72.80 

95.85 

144.50 

978. 25 
713.50 
525.  00 

419.25 

195.20 

861.25 
130.00 

Pounds. 
0.40 
.15 
a.  50+ 

5.00 

1.50 

1.80 

4.  7.')  + 

2.40 

2.00 

6.10 

5.00 

Pounds. 
73.20 
96.00 

145.00 

983.25 
715.  00 
526.  M) 
424. 00 
143.25 
197.20 
867. 35 
141.00 

Pounds. 
0.05 
.00 
a  2. 00 

6.50 
5.00 
3.20 
ol.75 
3.00 
.95 
2.95 
5.20 

Per  ct. 
0.07 

47  to  1 

50to66... 
08  toll"... 
lilt' 

70  to" 
73toT 

88  to  00.... 

5.5 

16.0 
16.0 

16.0 
34.9 
338 

6.5 
4.6 

2.5 
2.5 
2.5 

"'.6' 

3.0 
3.0 
3.0 
3.0 
3.7 
3.7 

(»; 

.00 
a  1.40 

.66 
.70 
.61 

a.41 

2.04 

.48 

.34 

c3.55 

°  N  overed. 

*  AL>o0.40  [H-r  oant  A],  inganese  bronze;;  composition  approximate — that  aimed  at 

in  making  nich  the  turnings  OS! 

turnings  averaged,  on  analysis,  57.70  p.?r  cent  Cu, 
•  •hi  Pb,  1.05  per  cent  FeVO.13  per  cent  A.1, 0.04  per  cent  Mm 
.i  rn.ltmg  will  not  account  for  the  calculated  net  loss  and  make. 
It  probable  that  the  turnings  carried  dirt,  which  is  here  counted  as  metallic  loss. 

All  t:  ita  compare  very  favorably  with  the  figures  assumed 

for  fuel-fired  practice  and  show  that  the  higher  the  alloy  is  in  zinc 
reduction  in  metal  1  This  increase  is  to  be  ex- 

the  metal  Loss  oe  alloys  high  in  zinc  is  mainly  due  to 
of  zinc   rather  than   to  oxidation.     In  fuel-fired  fur- 
-  there  is  always  a  flow  of  products  of  combustion  over  the  metal 
which  continually  carries  of!  zinc  vapor,  whereas  in  the  electric  fur- 
no  flow  of  product-  of  combustion  and  the  furnace  can 

In   f;i  n  if  the  electric  crucible  lilt -out    furnace  is:  not  tightly 

there  i    do  opening  in  the  bottom  or 

•   through    whi'h   air  Can   enter   to  cause   a   draft 
l  appn  ipe  of  zinc  Fapor,  U  it  is  heavier  than  air 

I      I    mace  until  the,  coyer  is  removed  ;,nd  air 

l       metal  can  be  bo  bo<  that  it  rel<  lopioui 

zinc  fume-  when  the  crucible  i-  removed]  and  yet  only  the  slightest 

of  zinc  rui         r  none  at  all.  can  be  seen  at  small  openings  in 
oe. 


FURNACES   WITH   GRANULAR  RESISTOR  ABOUT    CRUCIBLE.  77 

TILTING  ELECTRIC  CRUCIBLE  FURNACES. 

Besides  the  lift-out  furnaces  described  above  various  tilting  cru- 
cible furnaces,  electrically  heated,  have  been  suggested  or  tried. 

STA2STSFIELD  FURNACE. 

Stansfleld79  shows  sketches  of  crucible  tilting  furnaces  for  labo- 
ratory use  in  which  a  crucible,  a  relative  nonconductor  of  electricity, 
is  embedded  in  a  granular  resistor.  In  the  earlier  edition  of  his 
book  he  suggests  that  such  a  furnace  could  be  made  larger  than  the 
laboratory  furnaces  and  could  be  used  for  brass  or  steel  melting. 
The  suggestion  is  omitted  from  the  later  edition. 

EXPERIMENTAL  BAILY  AND  OTHER  FURNACES,  WITH  GRANULAR 

RESISTOR  ABOUT  CRUCIBLE. 

It  is  not  surprising  that  many  experiments  have  been  made  on  the 
use  of  crucibles  embedded  in  a  granular  furnace  which  tilts  to  pour. 
When  electric  power  is  available  for  electric  furnaces,  the  simplest 
method  of  making  in  the  laboratory  a  small  experimental  heat  of 
any  ordinary  material  is  to  embed  a  crucible  in  a  granular  resistor, 
heat  it,  remove  the  crucible,  and  pour  out  the  metal.  Many  such 
resistance  furnaces  for  laboratories  have  been  described,80  and  a 
German  furnace  of  this  type  (the  "Kryptol")  has  been  sold  in 
laboratory  sizes. 

As  the  resistor  is  disarranged  by  removing  the  crucible,  it  is  ob- 
vious that  the  furnace  should  be  tilted  to  discharge  the  contents  of 
the  crucible.  The  Bureau  of  Mines,  in  1912,  tried  out  some' small 
tilting  furnaces  of  this  type.  One  furnace  taking  a  No.  20  crucible 
started  with  a  cold  furnace  and  melted  50  pounds  of  copper  in  one 
hour,  using  23  kw.  h.  A  second  50  pounds  was  then  melted  in  35 
minutes,  using  14  kw.  h.  The  copper  was  poured  at  1,250°  C.  This 
fair-degree  efficiency  in  so  small  a  furnace,  compared  to  the  behavior 
of  the  first  two  heats  on  a  No.  20  crucible  lift-out  furnace,  which 
would  take  twice  as  long  and  use  four  times  the  power,  shows  the 

7;' Stansfiold.   A..  The  electric  furnace    1907,   p.  22;    1014,   pp.   28,    157. 

80  Compare  Watts,  O.  P.,  An  electric  furnaee  for  heating  crucibles:   Blectrochem.  and 

Met.  End.,  vol.  4,  1006,  p.  273;  Tucker,  S.  A..  A  granular  cubon  resistance  furnace: 
Trans.  Am.  Electrochem.  Soc,  1907,  vol.  11,  p.  307;  Goodwin,  J.  IJ.,  Cranular  carbon- 
resistance  furnace:  Met.  and  Clieni.  Bug.,  fOl.  0,  1011.  p.  188  J  Cnlhano,  D.  F..  A  con- 
venient furnace:  Met.  and  Clieni.  Bng.,  vol.  S,  1910*  p.  581;  Calbane,  l».  V.,  and  Hard. 
E.  E.,  An  efficient  electric  furnace  :  Met.  and  Chem.  Eng.,  vol.  10,  1912,  p.  401  ;  Lobr, 
J.  If.,  Tensile  strength  of  copper-zinc  alloys:  .lour.  Phys.  Cheat,  vol.  17.  1913,  | 
Jeffries,    Z.,    Notes   on    the    can-annular    electric    furnace:    Met.    and    Chem.    Eng.,    vol.    12. 

1914,  p.  154;  Mitchell,  w..  D.  s.  Patent   194,586,  Apr.  I.  1893;  Potter,  n.  If.,  F.  s.  Patent 
675,284,   Dee.  81,    1907;   Fulton,  C.   H.,  and  Coursen,   W.   A..   F.   S.    Patent    1,048,144, 
24,    1912. 
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advantage  aerating  beat  close  to  the  materia]  to  be  melted.    In 

another  smaller  furnace  the  following  results  wore  obtained; 

-ulls  on  small  yranular-n  sislor  crucible  tiltinii   furnace. 


Time. 

Chai 

Material. 

Poising 

tern]  i 
hire. 

K\v.  h. 
used. 

1 

II.    TO. 

1    10 
40 
25 
20 

Pounds. 
25 
25 
25 
28 

Red  brass. 

...do 

...do 

<"opi>er 

°c. 
1,225 
1,220 
1,225 
1,150 

42 

2 

30 



4 

22 

13J 

.: 

2    35 

103 

a  1,  200 

107* 

o  Average  pouring  ten  | 

A  fter  two  hours  of  running,  hot  spots  developed  in  the  resistor,  or 

the  crucible  failed,  or  some  other  mechanical  difficulty  arose.    Unless 

the  crucible  is  lined  or  covered  with  some  nonconductor  of  electricity 

current  is  carried  by  the  crucible  and  its  contents.    With  a  loosely 

packed  charge  not  much  current  could  be  carried  by  the  metal  in 

the  crucible,  bo  that  the  current  in  the  furnace,  even  with  a  conducting 

crucible,  might  not  b  ssive,  but  when  the  metal  was  melted,  unless 

aducting  layer  was  perfect,  the  current  was  short-circuited 

through  the  i  of  the  furnace  by  the  charge  itself.    The  main 

lone  between  crucible  and  electrodes  rather  than  in  the 

ly  of  tl  tor,  an  arrangement  which  soon  caused  hot  spots 

to  develop,  with  resultant  burning  out  of  the  crucible.    "When  a  cruci- 

juch  a  furnace,  it  has  to  be  cooled,  torn  down,  and  refilled 

with  resistor. 

Very  small  tilting  brass   furnaces  of  this  type,  holding  5  or  10 

;       uds  of  metal  and   using  a  crucible  lined  with  alundum  cement, 

have  been  used  by  the  Bureau  of  Mines,  and  found  useful  in  such 

laboratory  work  as  the  calibration  of  pyrometers  for  use  in  molten 

nd  copper  up  to  1,475°  C. 

A  increase    the  difficulty  of  maintenance  increases  dispro- 

v.  and  in  anything  like  commercial  sizes,  run  at  the  neces- 

ituree  for  bra--  melting,  this  type  becomes  impractical. 

Various  experii  nave  been  made  on  furnaces  of  this  type.    A 

ly  tilting  furnace*1  to  hold  some  400  pounds  of  brass  wa~  tried 

out  on  a  laboratory  scale  and  was  advei  for  melting  brass  and 

aluminum. 

It  n  port  d  that  the  National  Carbon  Co.  carried  on  some  ex- 

on  ;i  bra*    furnace  of  thk  type,  in  the  hope  of  extending 

the i  r  carbon.    It  also  reported  in  I'M:1,  that  the 

I  Apr.  2C  ■    '  .   i:    p,   Blcknell,   Electric  PurnACi  <  '<». 

ctrocbem,  and  Met,  I 
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General  Electric  Co.  were  testing  or  had  designed  a  furnace  of  this 
general  type  in  which  the  crucible  was  heated  from  the  bottom,  rest- 
ing on  a  bed  of  granular  resistor.  It  is  not  known  whether  this  design 
was  intended  as  a  tilting  or  a  lift-out  furnace.  In  1913  also  C.  E. 
Bonine  attempted  to  develop  a  tilting  crucible  steel  furnace  for  the 
Hess  Steel  Castings  Co.,  in  which  a  crucible  lined  with  insulating  ma- 
terial was  embedded  in  a  granular  resistor  which  used  three-phase 
current.  The  other  furnaces  of  this  type  that  were  tried  were  prob- 
ably all  single  phase.  The  Bonine  furnace  was  to  be  applied  to  brass 
as  well  as  to  steel  if  successful. 

Of  all  these  granular-resistor  tilting  furnaces  only  the  Baily  ever 
reached  the  point  where  it  was  considered  a  real  possibility  for  brass 
melting,  and  the  Baily,  in  this  form,  never  received  commercial  test. 
The  work  of  the  Electric  Furnace  Co.  on  this  form  of  the  Baily  fur- 
nace gave  experience  which  finally  bore  fruit  in  the  present  com- 
mercial form  of  the  Baily  furnace,  which  is  like  the  original  only 
in  using  a  granular  resistor  and  in  being  a  tilting  brass  furnace. 

Xonuniform  heating  of  the  resistor,  disarrangement  of  the  resistor 
when  the  furnace  is  tilted,  necessity  for  low  voltage,  high  amperage 
current,  poor  crucible  life,  and  inability  to  maintain  an  electrically 
insulating  coating  on  the  crucible  all  make  it  probable  that  without 
new  refractory  materials  for  crucibles  and  for  insulating  coatings  of 
different  properties  than  those  now  available  the  crucible  furnace 
with  the  crucible  in  direct  contact  with  a  granular  resistor  will  prove 
impractical  in  commercial  sizes  and  will  only  be  useful  in  very  small 
sizes  for  laboratory  use. 

FOUNDRY    TEST    OF    BAILY   TILTING    CRUCIBLE    FURNACE    WITH 
GRANULAR  RESISTOR  BELOW  CRUCIBLE. 

In  September,  1914,  a  Baily  tilting  furnace  built  by  the  Electric 
Furnace  Co.  of  America  was  tested  at  the  plant  of  the  Detroit  Copper 
and  Brass  Rolling  Mills.  Through  the  courtesy  of  the  Detroit  Cop- 
per and  Brass  Rolling  Mills  a  representative  of  the  Bureau  of  Mines 
was  permitted  to  witness  the  test. 

This  furnace  consisted  of  a  vertical  cylinder  lined  on  the  bottom 
and  sides  with  fire  brick  and  having  infusorial  earth  packed  between 
the  brick  lining  and  the  furnace  shell.  In  the  bottom  of  the  cylinder 
was  a  horseshoe-shaped  resistor  trough,  rammed  up  from  carborun- 
dum fire  sand  with  a  water-glass  binder,  8  inches  wide,  6  inches  high, 
inside,  with  2-inch  walls.  The  inner  side  of  the  trough  was  1  inch 
a  way  from  a  12-inch  diameter  fire-brick  pedestal  some  IT)  inches  tall,  on 
top  of  which  rested  a  shallow  dish-shaped  crucible  with  a  pouring 
lip.  The  crucible  was  wedged  against  t\w  furnace  walls  with  brick 
to  hold  it  in  place  when  the  furnace,  which  was  hung  on  trunnions, 
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-  tilted.     The  fire-brick  roof  was  dome  shaped,  coming  down 

within  a  few  of  the  crucible  at  the  outside  of  the  t'urnace,  but 

lea i  c  piling  up  of  the  charge  m  the  center.    'The  charg- 

ing hole  was  in  the  center  of  the  roof  and  closed  by  a  ore-brick  cover. 
The  pouri]  111  of  the  crucible  Led  into  another  cut  in  the  furnace 

wall  at  front.    The  spout  was  plugged  with  a  lire  brick.     Below  this 
furl  another  hole  which  was  also  plugged,  through 

which  granular  resistor  (4-mesh  chip  graphite)  could  be  charged  into 
the  r  trough  as  it  burned  away.     A  third  hole  below  formed  a 

tap  hole  for  drawing  off  metal  should  a  crucible  break. 

!         I  by  4  inch  carbon  electrodes,  carrying  flexible  leads  to  allow 

tilting,  entered  the  back  of  the  furnace  and  led  the  single-phase 

I    into   the   resistor   troughs.      The   100-kw.   transformer   had 

laps  from  80  to  40  volts  by  5-volt  steps,  through 

whi  I  .-witch,  the  voltage  and  hence  the  power  input  could  be 

Th  able  was  made  of  regular  fire-clay-graphite  mixture,  had 

parity  of  some  700  pounds  of  metal,  and  cost,  at  1914  prices, 

i.     The  shallow,  flaring  form  of  the  crucible  was  designed 

I  noh  heat  as  possible  from  the  resistor  below  it  by  direct 

iation  and  also  to  allow  pouring  the  metal  completely  without 

ing  the  angle  of  repose  of  the  granular  resistor  in  the  open 

trough  below. 

Power  was  thrown  onto  the  cold  furnace  at  7.15  a.  m.    At  11.2G, 
wh>  kw.  h.  had  been  used,  a  pyrometer  above  the  empty  cru- 

cible read  1,16       C.     A  charge  of  370  pounds  of  leaded  yellow  brass 
i  opper,  lead,  and  zinc,  but  mainly  scrap  brass,  was 

put  in  at  intervals,  the  last  (save  the  zinc)  being  charged  at  12.20 

added  at   12.40  p.  in.,  and  the  metal  poured,  at 

abo  t   l-J.  \\  ]).  m.,  the  heat  proper  having  used  112  kw.  h. 

could   not   be  tilted    far  enough   to  drain   all   the   metal 

from  the   furnace,  and  about    LOO  pounds  was  retained,  the  crucible 

•  .    -  ink  below  ite  original  position  on  account  of  the  softening 

arid  flattening  of  tin-  fire-brick  pedestal.    Xo  appreciable  zinc  fume 

off  during  the  first  heat,  but  during  the  pouring  vast 

e  through  the  wedges  from  the  open  space  between 

nd    the  crucible       Metal    had    found    its   way   into 

•jli.     It   wai  supposed  that  this  metal  had  leaked 

PUcible  Bpout   and  the   furnace  spoul.  the  lire-clay 

having  been  broken  away  by  the  settling  of  the 
id  flattened. 

A  ed   at    12.64    p.   m..  and   an   al 

;>f  at  j  t  L.45.    The  clouds  of  zinc  oxfde  rolling  out 

of  the   fui  had   indicated   that   there  was  a  good 
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deal  of  metal  down  in  the  resistor,  and  the  current  had  to  be  shut 
off  at  1.25  p.  m.,  only  41  kw.  h.  having  been  supplied  to  the  furnace 
on  the  second  heat,  the  melting  of  the  last  20  minutes  before  attempt- 
ing to  pour  being  done  by  stored  heat. 

Only  about  100  pounds  could  be  poured  from  the  crucible.  A  tap 
hole  in  the  bottom  of  the  furnace  designed  to  drain  off  metal  in  case 
of  crucible  breakage  was  opened,  and  some  100  pounds  drained  from 
the  furnace  bottom. 

On  raising  the  roof  and  examining  the  furnace  it  was  found  that 
the  fire-brick  pedestal  had  softened  and  flattened  and  the  crucible 
had  cracked  between  its  center,  which  had  of  course  sunk  down  with 
the  pedestal,  and  the  projecting  lip  held  in  the  furnace  spout.  Metal 
had  then  dripped  down  from  the  crack  into  the  resistor  below.  The 
rear  wedge  between  the  furnace  and  wall  had  been  torn  away  by 
the  dropping  of  the  crucible.  The  roof  brick  were  dripping  some- 
what. It  is  not  surprising  that  the  fire-brick  pedestal  softened.  The 
inner  circumference  of  the  resistor,  which  was  in  the  shape  of  a 
horseshoe,  was  only  about  2J  feet,  the  outer  circumference  about  4 
feet.  Naturally  the  current  takes  the  shorter  course  and  concentrates 
on  the  inside  of  the  resistor,  next  the  pedestal.  Since  the  electrical 
resistance  of  hot  graphite  is  lower  than  that  of  colder  graphite,  the 
inner  path  became  progressively  easier  for  the  current  to  follow,  and 
the  inner  part  of  the  resistor  necessarily  became  hotter  and  hotter. 
Fire  brick  would  not  stand  up  at  a  distance  of  1  inch  from  so  hot 
a  resistor. 

In  a  previous  test  another  fire-brick  pedestal  had  been  softened  in 
one  heat  and  the  crucible  slipped  down.  Had  a  pedestal  of  carbo- 
rundum been  used  the  furnace  would  probably  have  stood  up  lone: 
enough  to  show  the  efficiency  of  the  design  as  regards  power  con- 
sumption and  metal  losses. 

The  test  showed  the  trouble  that  would  occur  whenever  a  crucible 
so  held  above  the  resistor  might  break.  The  crucible  itself  would 
have  to  last  100  heats  at  the  crucible  prices  then  prevailing  in  order 
to  equal  the  crucible  cost  then  being  obtained  in  coke  fires;  the  de- 
sign therefore  was  abandoned  and  the  Electric  Furnace  Co.  of 
America  turned  to  the  8-pot  crucible  lift-out  furnace,  which  had 
been  previously  describe  d.  and  to  the  design  of  the  early  forms  of  the 
Baily  tilting  hearth-type  furnace. 

WEINTRAUB  FURNACE. 

As  the  crucible  tilting  furnaces  of  the  granular-resi-tor  type  have 
been  shown  to  be  impractical,  it  remains  to  discuss  other  forms. 
Laboratory  furnaces  of  the  wire-wound  resistor  type  using  platinum 
or  nickel-chromium   resistors  and   commercial   furnaces   using  such 
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\s  the  General  Electric  furnace  for  beat  treatment  of  forg- 
ig  guns,*    if  supplied  a  constant-voltage  current,  draw  loss 
and  irrent  as  the  resistor  beats  up,  and  utilize  loss  power.    .Most 

metals  become  poorer  conductors  of  electricity  as  they  become  heated. 
maintain  the  power  supply,  the  voltage  has  to  be.  progressively 
raised.    (  arbon  and  graphite,  on  the  other  hand,  became  better  con- 
duct heat    up:   at   a   constant-voltage  supply   they   draw 
ely  more  current  and  power.     Either  type  of  resistor,  then, 
requires  some  system  of  voltage  control.    Metallic  silicon,  however, 
inci                       stance  with  increase  in  temperature,81  while  graphite 
sistance.     By  using   a    combination  of   silicon   and 
phite  as  a  resistor  it  should  be  possible  to  construct  a  furnace 
which  would  require  less  regulation  than  most  resistance  furnaces. 
also  has  the  desirable  property  of  acquiring  a  thin  oxide  coat- 
ing in  air  at  high  temperature  and  thereafter  not  oxidizing  rapidly. 
W             ibM  designed  a  crucible  tilting  furnace  to  use  a  cage  or 
silicon,  silicon-coated  tungsten  rods,  or  silicon-coated  graph- 
ular  to  the  carbon-rod  resistor  of  Greenwood 
and  Button,  previously  described.     A  tilting  crucible  brass  furnace 
Og  this  resistor  and  holding  L25  pounds  of  metal  was  constructed 
;it  tin-  Lynn  i he  General  Electric  Co.  and  was  reported  to 
-how  an  acceptable  figure  as  to  power  consumption.    The  resistor 
Id  to  be  capable  of  running  steadily  at  1,300°  C. 

ten-cored  rods  were  not  practicable,  as  they 

une  bi  evidently  from  a  combination  of  the  tungsten  and 

silicon.      Plain   silicon   rods   were   tried   and  could  be  operated   by 

iMiiLr  a  transformer  with  two  taps,  one  to  give  the  starting  voltage, 

the  other  the  operating  voltage. 

<t<-,|  with  silicon  were  made,  however,  and  the 
current  passing  through  the  graphite  heated  the  silicon,  starting 
from  t  properly  proportioning  the  core  and   the  coat 'mg 

uniform  at   different  temperatures  that  only 
resistance  or  5  per  rent  voltage-  regulation  was 

requin  The    problem    of    making    electrical    connection    to    the 

silicon   was  solved    (1)   by  making  the 
elements    I  ip    U     or   hairpin    form,  thus  halving   the 

:    (2)   by  inserting  the  "nd  of  the         in  a   nickel 

ii  ;.  molten  alloy  of  90  per  cent  silicon  and    10  per  cent 

ilui  nd  letting  the  alloy  solidify;  (3)   by  making  the  con- 

r    r.  ii  .  •   .   f..rt'<- :  iron  Trade  Rrr.,  rol.  una, 

:  .    V. ]•■<-.    World,    v.-).    56,    I'tl  (I.    p.     109. 

ii       J7,   Not.  24,   1914;  lad   i .  i  •'  M-ss,  Apr.  «;, 


TILTIXG  FURNACES   WITH   SOLID   OR  MOLDED  RESISTORS.  83 

nection  through  the  nickel.  The  resistor  does  not  change  in  the 
course  of  time,  and  in  small  sizes  its  elements,  though  rather  fragile, 
could  be  made  fairly  strong  and  tough  as  compared  to  the  usual 
brittleness  of  silicon.  Further  development  would  have  to  be  made, 
according  to  Dr.  Weintraub,85a  before  a  furnace  using  such  a  resistor 
could  become  a  commercial  success. 

Silicon,  unfortunately,  melts  at  about  1,420°  C. ;  even  1,400°  C.  is  a 
low  temperature  for  the  source  of  heat  when  a  material  is  to  be  heated 
by  radiation  from  the  resistor  to  1,250°  or  1,300°  C,  as  in  gun  metal 
or  red  brass  to  be  poured  into  very  light  castings.  As  Northrup86 
points  out,  the  efficiency  of  a  resistor  running  at  1,300°  C.  is  zero  for 
melting  a  material  to  be  brought  to  1,300°  C. ;  other  things  being 
equal,  the  greater  the  difference  in  temperature  between  the  source  of 
heat  and  the  material  to  be  heated  the  greater  is  the  efficiency  to  be 
expected,  and,  conversely,  the  lower  the  difference  the  lower  the 
efficiency. 

In  crucible  resistor  furnaces  for  brass  in  general  the  interior  of 
carbon  resistors  probably  runs  at  much  nearer  2,000°  C.  than  1,300°  C. 
Besides  the  disadvantage  of  a  low  melting  point,  silicon  has  another — 
its  brittleness.  Casting  a  large  grid  in  one  piece  as  a  resistor  would 
probably  be  impracticable,  and  the  problem  of  making  stable  electri- 
cal connections  between  the  parts  of  a  built-up  grid  would  also  be  dif- 
ficult. The  grid  is  a  desirable  form  for  such  a  resistor,  as  it  offers 
great  radiating  surface,  and  hence  can  be  run  with  less  danger  of 
melting  the  inside  than  could  a  more  massive  form. 

The  silicon-coated  graphite  resistor  should  serve  for  use  in  a  fur- 
nace to  melt  aluminum,  possibly  yellow  brass,  and  other  lower  melting 
alloys,  but  its  limitations  as  to  temperature  and  its  fragility  make  it 
of  little  promise  for  general  use  in  brass  furnaces.  No  other  develop- 
ment of  this  idea  is  known. 

CRUCIBLE  TILTING  FURNACES  WITH  SOLID  OR  MOLDED  RE- 
SISTORS. 

FOUNDRY  TEST  OF  HELBERGER  FURNACE. 

One  of  the  early  trials  of  an  electric  furnace  in  a  brass  foundry 
was  that  of  the  Helberger  at  the  works  of  the  National  Cash  Register 
Co.,  at  Dayton.  Ohio,  in  January  and  February,  L914.  Through  the 
kindness  of  this  firm   a    Representative  of   the  bureau   attended   the 

Weintraub,  B.,  Personal  communication,  .Inn.  12.  1920. 
M  Northrup.  15.   l..  Production  of  high  temperature  and  its  measurement:  Met.  Chens. 
Eng.,  vol.  IT.   1917,  p.  685. 


UC    BRASS    FURNACE    PRACTICE, 


earlier  pari  oi  t;  The  Helberger  furnace,01  which  Japing  and 

Kra  has  been  in  use  in  German  brass  foundries,  is  a  Furnace 

with  a  tall,  cylindrical,  carbon  resistor,  held  by  pressure  between  a 

lower  carbon  plate  and  an  upper  carbon  ring,  serving  as  electrodes, 

and  surrounded  by  refractory  walls. 

V  tall,  narrow  crucible  made  of  material  of  fairly  low  electrical 

conductivity,  but  resembling  the  ordinary  crucible  material,  slips 
_dy  inside  the  carbon  resistor.  A  pouring  spout  made  of  per- 
forated sheet  iron  coated 
with  crucible  material  fits 
inside  the  upper  electrode 
and  joins  onto  the  crucible, 
the  joint  being  luted  up.  A 
heavy  current  is  passed 
through  the  carbon  resistor 
at  a  low  voltage — between 
1.000  and  8,000  amperes  at 
from  6J  to  11J  volts.  To 
avoid  losses  of  lead  in 
carrying  so  heavy  a  current, 
the  440-volt,  100-kw.  vari- 
able-voltage transformer  is 
made  an  integral  part  of 
the  furnace,  and  no  flexible 
secondary  leads  are  pro- 
vided, but  very  large  la- 
minated copper  contacts  or 
brushes  under  pressure  al- 
low breaking  the  circuit 
when  the  furnace  is  tilted. 
The  furnace  tilts  about  the 

I-,,,. 

The  pressure  between  the 
electrodes  is  regulated  by  a 
three  sere*  .  each  one  of  which  can  also 
ndently  regu]  o  obtain  uniform  pressure  around  ih^, 


7  'am    of    |  :  fui  DUG    :    '/. 

•  i  ■;■  Ible  : 
:  '.   .    .  let  CbA 
for  CO» 

lay  cylinder  ; 
/,  &ab«i(to«  v 


7,   Apr.    1  »,    1806;   769,250,   Bept   0,    1904  ; 

1912  :  Anonymoui,  The  Helbergpr  Furnai  ■  ■  \ 

HI,  p.  21  I  rormer  crucible  furnace:  Met. 

.  ii.,  German   Pat  of  Jan.   1 1. 

ft,  1910  L910    Anonymoui, 

Ifatal   i'"i.,  vol.  u,  1.911,  p.  212;  Harden, 

i  rlevelopmi  a  I  Faraday 

Inf.    X<it.    MttallOfH    vol.    2,    1912,    i>.    258; 

Pwv  Cbem.  Wag«  wol.  1H,  1918*  p-  97i 

••Japlii  tranae,  i.  and  Maaalnf:  L91S,  j». 
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The  furnace  appears  to  have  been  used  in  Germany  in  very  small 
sizes  for  such  purposes  as  jewelers'  use.  The  makers  of  this  furnace, 
the  German  Allegemeine  Electricitats  Gesellschaft,  advertised  it  in 
a  100-kg.  (220-pound)  capacity.  The  National  Cash  Register  Co. 
ordered  one  in  August,  1912,  and  when  it  was  received  a  year  and 
a  half  later  no  tilting  device  was  supplied  with  it.  A  counterbalanced 
tilting  device  was  designed  and  installed  by  the  National  Cash  Reg- 
ister Co.  The  furnace  and  transformer  together  weighed  9,000 
pounds,  though  its  capacity  was  but  about  200  pounds,  and  cost  $6,000 
without  the  tilting  device. 

It  is  very  likely  that  the  furnace,  though  listed  in  this  size,  had 
not  hitherto  been  made  in  as  large  a  size  and  was  built  to  fill  the 
order  of  the  National  Cash  Register  Co.  The  furnace  is  illustrated 
in  figure  7  and  Plates  IV  and  V.  The  test  at  the  National  Cash 
Register  Co.  has  been  fully  described  by  Dorsey.89 

The  first  German  crucible  failed  after  six  heats;  the  crucible  was 
perforated  and  the  metal  ran  down  between  crucible  and  resistor. 
The  next  crucible  lasted  21  heats,  during  which  the  following  fig- 
ures were  obtained  on  red  brass;  the  furnace,  having  been  operated 
until  quitting  time  the  previous  day,  was  warm  on  the  morning  of 
the  test. 

Table  21. — Test  of  Helberger  furnace  on  Feb.  4,  191). 


Heat  No. 

Time. 

Amount 
of  metal. 

Temper- 
ature. 

Kw.  h. 

Kw.  h. 

per  100 
pounds, 
average. 

15 

II.    m. 
2    23 
49 
40 
30 
32 
30 
42 
34 
31 
36 

Pounds. 
150 
150 
150 
150 
150 
180 
105 
150 
150 
150 

•a 

1,200 
1,270 
1.200 
1,200 
1,200 
1,270 
1,200 
1,270 
1,200 
1,200 

120 
55 
51 
39 
50 
42 
40 
55 
50 
48 

16 

17 

IS 

19 

20 

21 

22 

23 

24 

35.6 

Total 

7    47 

r.r.a 

After  four  more  heats  the  crucible  failed,  and  the  resistor  and 
upper  electrode  also  had  to  be  replaced. 

A  new  crucible,  new  resistor,  and  new  top  plate,  all  from  the 
makers,  were  installed  and  18  successive  heats  were  made,  the  furnace 
having  been  brought  up  to  running  temperature  by  heating  it  empty 
on  the  afternoon  of  February  22,  1914. 

88  Dorsey,    H.    G.,    Tests    on    electric    furnaces    for    brass    foundries:    Trans.    Am.    Inst. 
Metals,   vol.  H,   1014.   p.   l'4<",. 
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Further   testa   of    II  i  Ux  rut  r   furnace  on    February  &3   and   .?/,    /.''//. 


Seal 

rime. 

Amount 
of  metal. 

Temper* 

atari-. 

Kw.  h. 

Kw.  h. 
per  100 
pounds, 

day 
average. 



//.         VI. 

2    39 

40 

41 
30 
1     33 
44 
23 
20 

Pound*. 
150 
150 
150 
150 
150 
150 
175 
150 
150 

•a 

1,175 
1,200 
1,175 
1,175 
1,200 
1,  175 
1,175 
1,240 
1,200 

130 
87 

50 
50 
40 
44 
80 
51 
38 









•     





40 

41.5 

Total 

8       1 

1,375 

571 



2    34 
40 
32 
30 
31 

1     10 
37 
32 
30 

150 
150 
155 
150 
150 
150 
170 
170 
156 

1,175 
1,200 
1,175 
1,240 
1,175 
1,175 
1,240 
1,175 
1,200 

175 
07 
62 
60 
33 
28 
72 
51 
45 

a     













12  2 



Total 

7    30 

1,401 

503 



After  these  Is  heats  the  third  crucible  wore  out.  The  average  of 
three  all-day  runs  was  1,440  pounds  melted  in  T-J  hours,  using 
571  kw.  h.,  or  800  kw.  h.  per  ton.  On  24-hour  operation  the  furnace 
lid  melt  at  about  600  kw.  h.  per  ton.  The  average  life  on  three 
crucibli  15  heats.    As  no  more  German  crucibles  were  at  hand, 

vcre  made  to  ram  up  a  lining  to  the  resistor  of  carborun- 
dum lire  clay:  a  maximum  of  six  heats  was  thus  obtained.  The 
pouring  spout  was  flimsy,  became  badly  damaged  during  the  test, 
and  required  frequent  patching. 

'J  here  was  no  convenient  way  to  close  the  top  of  the  furnace 
tightly  to  prevent  volatilization  and  oxidation,  so  a  layer  of  char- 
coal was  put  on  after  the  metal  had  melted.  The  crucible  was  so 
tall  and  narrow — 7  inches  in  diameter  by  25  inches  high  (not  in- 
cluding the  pouring  BpOUt  or  hood) — that  it  would  hold  but  little 
buli  .p.  and  the  operator  had  to  stand  on  the  little  step  in  front 

' he  crucible  and  feed  in  the  i !  jontinually. 

ily  on.-  determii  jtal  lost  in  melting  was  made,  this 

b«i"  .    Two  hundred  pounds '  (75  per  cent 

.  "V.    metal)    of  an   alloy   of  Hi)    per   cent   copper.   3 
nt   tin.  and   3   per  cent    lead   was  charged   and 

oured,  a  metal  loss  of  0.50  per  cent. 

'    •    I     crucible  life  and  the  great  amount  of  attention  demanded 

from  th<-  i      rator  in  charging,  which  would  require  one  man  per 

fun  e  furnace  to  be  discarded  by  the  National  Cash 

Whci  icible  failed  during  a  heat  and  metal  ran 
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down  between  crucible  and  resistor,  it  picked  up  metallic  silicon  and 
aluminum  reduced  (in  the  presence  of  another  metal  to  collect  the 
aluminum)  by  the  carbon  of  the  resistor  from  the  fire-clay  bond 
of  the  crucible.  If  any  of  this  metal  contaminated  with  silicon  and 
aluminum  poured  out  with  bulk  of  the  charge  or  diffused  back 
into  the  main  charge,  the  metal  was  ruined  for  the  purposes  of  the 
National  Cash  Register  Co. 

A  smaller  Helberger  furnace  was  tried  out  at  the  Xew  York  assay 
office  in  1913  for  melting  precious  metals,  but  gave  a  great  deal  of 
trouble  and  was  discarded. 

An  80-kw.  Helberger  was  tried  out  for  melting  steel  about  the 
same  time  by  the  Hess  Steel  Castings  Co.,  of  Bridgeton,  X.  J.,  and 
is  reported  to  have  given  much  trouble  and  to  have  been  discarded 
also.  All  in  all,  the  Helberger  furnace  was  complex  and  costly 
and  seems  to  be  quite  impracticable  for  use  under  American  foun- 
dry conditions. 

ELECTRO-METALS  EXPERIMENTAL  FURNACE. 

Electro-Metals,  Ltd.,  of  London,  England,  according  to  Boving,90 
experimented  with  a  brass  furnace  in  which  the  crucible,  made  to 
have  high  electrical  resistance,  is  used  as  the  resistor.  The  furnace 
gave  trouble,  especially  in  the  contacts  between  crucible  and  the 
upper  and  lower  electrodes,  so  that  no  real  success  was  achieved. 

MORGAN  FURNACE. 

The  Morgan  Crucible  Co.,  of  Battersea,  London,  has  advertised 
M  Morgan's  patent  electrically  heated  crucible,"  which  is  used  both 
as  resistor  and  metal  container.  This  is  designed  in  two  styles,91  one 
very  much  like  the  Helberger,  with  a  crucible  held  between  water- 
cooled  upper  and  lower  electrodes,  which  serves  as  resistor  and  mot  a  I 
container  as  well,  being  coated  inside  with  an  electrically  noncon- 
ducting coating.  It  is  said  that  fine  adjustment  of  the  resistance  is 
ol Gained  by  varying  the  pressure  between  the  resistor  and  the 
terminals.  It  would  appear  to  be  a  very  dangerous  procedure  to 
lighten  this  pressure  enough  to  alter  the  resistance,  thus  obtaining 
a  contact  with  an  appreciable  drop  in  voltage  al  g  power,  and 

causing  local  heating  at  the  contacts.  'I  he  vertical  tilting  crucible 
type  is  designed  in  two  sizes,  one  to  hold  20  pounds  and  one  to  hold 
150  to  200  pounds  of  brass. 

00  BovLnj?,  J.  O..  Letter  of  July  .''.,   1918,  to  the  director  of  the  Bureau  of  Mines. 

n  Anonymous.    Electric    furnace    developments    for    nonferrous    metala :    Metal  I  ml. 

(London),  vol.  11.  1919,  p.   ill;  Metal  hid.   iN.  V.).  vol.  l!>.  1919,  |».    I- I:  B  W  .. 

British  Patents,  24,626  of  L912,  102,246  of  Oct.  7,  1919;  U.  s.  Patents  1,335,079,  Mar. 
80,  1920;  and  1,366*185,  Jan.    18,   1921;   Discussion:  Jon-.   Inst.   Metals    (British),   ro!. 

17.  1017,  p.  l'77  :  compare  tan  Eeertedtr,  a.,  r.  s.  Patent  1,867,442.  Compare  also 
Soucini,  C,  V.  S.  Patent    1,875,615,  Mar.  8,  1921. 
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A  drain  .-pout  in  the  bottom  of  the  refractory  inclosure  about  the 
^t«>r  crucible  art-  bus  a  safety  outlet  in   failure  of  the  crucible. 
In  view  of  the  short  life  i^(  such  a  crucible,  indicated  by  the  Helberger 
itlet  seems  a  necessary  provision. 
In  hii.  the  furnace  ha-  a  shallow  trough  (fig-  8)  for  single- 

phase  current,  or  a  dish  for  three-phase   (fig.  9),  provided,  respec- 
lv.  with  lugs  at  two  or  three  points,  by  which  pressure  contact 
ide  with  the  water-cooled  terminals.     A  spout  is  molded  in  the 
trough  or  dish  for  pouring.     The  trough  or  dish  which  forms  the 
•  of  the  tilting  furnace   is  lined   with  an  electrically  non- 
ducting  layer,  within  which  the  metal  rests.    The  Morgan  Cruci- 
Co.  advertised  to  supply  this  type  in  any  size  up  to  a  capacity  of 
1  ton  of  copper  or  brass.    It  is  claimed  that  on  the  second  heat  of  a  day 
pounds  of  65:35  brass  is  melted  in  two  hours  with  120  kw.  h.,  or 
at  the  rate  of  300  kw.  h.  per  ton,  and  that  in  regular  operation  (it  is 

not  specified  whether  on  a  9 
or  10  or  a  24  hour  basis)  the 
power  consumption  averages 
300  kw.  h.  per  ton.  It  is  said 
that  1,300°  C.  is  the  limit  to 
which  metal  can  be  safely 
heated  in  the  furnace. 

The  crucible  is  said  to  be 
completely  protected  from 
mechanical  damage  and  thus 
the  life  is  long,  but  no  figures 
furnace'  design,  on  the  actual  life  are  given. 
Such  a  resistor-crucible  fur- 
would  be  thermally  efficient    while  the  resistor  lasted,  as  the 

to  the  metal.     The  resistor  would   lake  a 

d  a  high  amperage  and  would  involve  large  heat  losses 

cooled  terminals.     Its  reliability  would  depend  on  two 

uniformity  of  the  molded  fire-clay   (or  similar  bond) 

and  the  impregnability  of  the  electrically  noncon- 

. 

uniform,  bo  thai  local  beating  gets  started  at 

!l  surely  develop  and  failure  ensue  by  melting 

:    i  ,  a  graphite  resistor  will  continue  to  heat 

in  an;  thai  becomes  Locally  overheated,  du< 

the  materia]  heats  up.    This  fall  in  resistance 

er  path  to  the  current,  which  lend-  to  COD 
beating   it  up  still    more,  and   the   vicious 

i   t  iched  ;it  whi.-h  the  material  fails. 

.,i  the  eli  Uy  aonoonduci ing  Lining  i  e  to 

imp-  attain  with  material  now  available.     If  the  current  in 
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the  single-phase  trough  shown  in  figure  8  fails  to  pass  through  the 
walls  of  the  trough  about  the  cavity  for  holding  metal  and  by 
reason  of  a  crack  in  the  insulating  lining  at  both  ends  follows 
the  path  of  lowest  resistance  through  the  molten  metal  in  the 
trough,  the  voltage  drop  through  the  metal  would  be  small  com- 
pared to  the  total,  and  practi- 
cally all  of  the  resistance  would 
be  at  the  ends  a  and  b.  When 
this  occurs,  unless  the  rise  in 
amperage  is  at  once  noted,  the 
charge  poured  immediately  (if 
it  is  hot  enough  to  pour),  the 
furnace  cooled,  and  the  insulat- 
ing lining  patched  or  replaced, 
practically  all  the  power  will  be 
absorbed  in  the  ends  a  and  b  and 
the  temperature  must  rise  till  the 
ends  of  the  resistor  fail.  If  the 
increase  in  current  on  failure  of 
the  insulating  lining  is  pre- 
vented by  fuses  or  circuit  break- 
ers, so  that  there  is  no  further 
heating,  it  is  likely  that  the 
charge  may  be  too  cold  to  pour 
and  must  be  left  to  freeze  in 
place,  with  every  chance  of  its 
removal  ruining  the  resistor. 

There  are  few  materials,  even 
though  good^  electrical  insulators 
at  low  temperatures,  which  do 
not  become  more  or  less  conduct- 
ing at  1,000°  to  1,300°  C,  the 
temperatures  of  a  brass  furnace. 
One  of  the  best  high  temperature 
insulators  for  electricity  is  alu- 
mina, and  alundum  cement  is  the 
best  material  for  use  as  the  in- 
sulating coating. 

This  coating  would  have  to  be  thick  enough  that  its  resistance  is 
much  higher  than  that  of  the  resistor  trough,  or  the  current  would 
divide,  part  passing  through  the  resistor  and  part,  from  a  through 
the  coating  into  the  molten  metal,  out  through  the  coating  at  the 
other  end.  into  b. 

If  even  two  small  cracks  should  allow  the  metal  to  reach  the  resis- 
tor, short-circuiting  would  begin.     When  it  is  considered  that  the 


FlGURB   9. 
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Eficients  of  expansion  of  the  coating  and  of  the  resistor  may  not 
and  probably  are  not  the  same,  it  is  obvious  that  thermal  expan- 
D  would  itself  tend  to  crack  the  coating.  Added  to  this  danger 
hat  of  cracking  the  coating  when  a  heavy  ingot  is  dropped  acci- 
dentally into  the  trough. 

If  this  type  has  been  developed  to  the  extent  that  the  resistor  and 
coating  in  an  800-pound  or  a  1-ton  furnace  show  a  life  long  enough 
to  make  the  type  of  any  commercial  value,  unusual  judgment  must 
have  been  exercised  in  the  selection  of  materials,  and  supremely 
skillful  workmanship  must  have  been  used  in  molding  the  resistor 


n  h 


10.     Conley  crucible  tilting  nun. 

and   in  applying  the  coating.     No  final  conclusions  on  this  typo 

.    n  until  it  has  been  operated  under  foundry  conditions. 

Although  the  furnace  ready  for  use  b  couple  of 

■  i<  indry  test  has  yet  been  recorded,  and  the  advert 

red  in  late  i  f  the  periodicals  formerly 

Mi. 

CONLEY  FURNACE. 

■  •;.■  °2  furnace  is  another  resistor  furnace  (see  fig.  10)  In 

e  I  in  a  crucible  integral  with  the  resistor, 


pplication    AIM    Oct.    I,    11)02), 
'•-'•"■'-.  At,r     ]-,    mil       ;,-!    1,023,906,   Apr.  28,    1912. 
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and  a  lining  of  electrically  nonconducting  material  is  provided.  The 
furnace  is  arranged  to  tilt  for  pouring.  Experiments  are  said  to  have 
been  made  as  early  as  1897.93  In  1910  this  furnace  was  tested  at  the 
Electrical  Testing  Laboratories,  New  York,  and  was  demonstrated 
to  representatives  from  rolling  mills  and  foundries.  The  foundrymen 
did  not  consider  it  suitable  for  practical  foundry  use. 

Some  figures  on  the  1910  tests  were  submitted  by  Florence  and 
Hampton,  who  control  the  Conley  patents.  According  to  these  fig- 
ures the  furnace,  which  had  a  capacity  of  50  to  70  pounds,  ran  at 
14  to  22  volts,  taking  300  to  400  amperes  when  started  cold  and  1,200 
to  1,300  amperes  when  fully  hot.  The  data  are  summarized  in  Table 
23. 

Table  23. — 1910  tests  on  experimental  Conley  furnace. 


Heat  No. 

Probable 

state  of 

furnace  at 

start. 

Amount 
charged. 

Time. 

Kw.  h. 
used. 

Time 
per  100 
pounds. 

Kw.  h. 
per  100 
pounds. 

Kw.  h. 
per  ton. 

1 

Cold 

Hot 

CoH 

Hot 

Cold 

Hot 

...do 

Pounds. 
50 
50 
68* 
68* 
70 
55 
72 
o20 
45 
53 
51 
50 
52 
100 
35 

Min. 

55 
23 
75 
39 
70 
55 
56 
25 
50 
53 
30 
90 
60 
70 
40 

17.41 
8.65 
20.82 
15.62 
20.44 
17.67 
17.41 
4.81 
19.13 
(») 
(&) 
21.5 
17.3 
24.3 
10.34 

Min. 
110 

46 
110 

57 
100 
100 

78 
125 
111 
100 

59 
180 
116 

70 
114 

34.8 
17.3 
31.fi 
22.8 
30.0 
32.2 
31.2 
24.0 
38.3 

696 

2 

346 

3 

632 

4 

456 

5 

600 

6 

644 

7 

624 

8 do 

480 

9 

Cold 

...do 

766 

10 

11 

Hot 

Cold 

Hot 

12 

43.0 
28.9 
24.3 
25.9 

860 

13 

598 

14 •::::::: 

15 

...do 

...do 

486 
518 

Total 

840 

215.40 

a  This  charge  consisted  of  scrap  copper  and  some  scrap  brass.    All  the  other  charges  consisted  of  copper 
only, 
b  Not  given. 

In  a  report  from  another  source  the  70-pound  furnace  is  said  to 
have  melted  two  heats  of  2 : 1  brass,  the  first  heat  taking  37  minutes 
(temperature  of  furnace  at  start  not  stated)  and  the  second  27 
minutes.  The  metal  loss  was  said  to  be  0.15  per  cent  and  the  power 
consumption  at  the  rate  of  363  kw.  h.  per  ton,  no  statement  being 
made  as  to  whether  this  refers  to  the  second  heat  only  or  to  both. 
X'»  figures  are  given  on  life  of  the  resistor  crucible  on  the  70-pound 
size. 

The  resistor  crucible  of  a  furnace  of  20  pounds  capacity  i<  said  to 
have   lasted    [5  heat-. 

Miller Ma  quotes  the  inventor  of  the  furnace  as  claiming  that  this 
type  can  be  built  up  to  1  .^M)- pounds  capacity,  capable  of  melting 
copper   at  *J1<>  kw.  h.   per  ton.  and   giving  a    metal    Loss    (alloy    not 

Electric-furnace  development  for  metals:  Metal  Ind.,  rol.  17.  1910,  p.  927. 

""  Miiirr,  i>.  i>..  Tin-  »-i<Vtric  furnace  m  ;l  medium  for  beating  apnferroua  metals;  .imir. 
Am.  last  Metals,  vol.  n.  1917,  p.  275. 
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Btat<  -  than  DSO  per  cent.     There  was  a  report  in  1017  that 

the    furnace    was    to    he    developed    for   nse    in    an    American    plant 

shrapnel  disks  on  a   French  order,  but  no  installation  of 

t   ifi  known.     It  is  quite  certain  that  the  furnace  was  never  actually 

built   in  a    l.'JOO-pound   >ize. 

The   comments  made  on  the  Morgan   furnace   apply    also   to   the 
Conley. 

GUTHRIE  AND  KARCH  FURNACE. 

Guthrie  and  Kareh94  patented  a  similar  tilting  furnace.     In  one 

f -nn.  instead  of  a  solid  resistor  forming  the  crucible,  each  electrode 

bo  shaped  as  to  half  inclose  a  separate  crucible,  granular  carbon 

being  placed  between  the  electrodes  and  the  crucible.    Arcs  were  to 

:un  between  the  electrodes  and  the  granular  carbon,  and  the  heat 

thus  to  be  generated  by  a  combination  of  both  arc  and  resistance. 

.  actaaj  construction  of  such  a  furnace  is  known,  nor  wTas  it 

jested  especially  for  brass.    The  crucible  life  in  such  a  furnace 

would    probably   be  extremely  short. 

BARIO  FURNACE. 

Mill  another  furnace  of  this  general  type,  made  by  the  Bario 
Metal  Corp..  has  been  advertised.  The  Bario  furnace  consists 
rely  of  a  carbon  electrode  in  which  a  trough  is  gouged  out  to  con- 
tain metal.  The  electrode  is  held  in  water-cooled  terminals,  and  an 
extremely  heavy  current  is  passed  through  the  electrode,  which  serves 
as  a  solid  resistor.  No  attempt  is  made  at  putting  an  insulating 
g  inside  the  trough.  The  resistor  is  in  the  open  air.95  The 
fun  -aid  to  have  a  capacity  of  1  to  20  pounds.    The  electrode, 

;..r.  -,i-  crucible,  whichever  it  be  termed,  is  said  to  last  25  to  50 
beats. 

In  another  loi  in  '"•  the  resistor  is  placed  inside  a    furnace  chamber 
and    radiates   heat   onto   an   ordinary   crucible    placed  below  it,  thus 

foriii inir  a  Laboratory  type  of  crucible  lift-out  furnace. 
XI  ed,  in  January.  L918,  at  $1,200,  the  second 

form    at    Si. loo    (li~t    prices),    both    complete    with    variable-voltage 

■ 
I  firm   advert  to  build  electric    furnaces  to  contain    from    1 

•     t       gpo     tons  of  metal    No  description  of  the  larger  furni 

the  advertisements,  but   from  correspondence  with  the 

nuil  tli.it   an   furnaces  are  planned   for  the  larger  sizes. 

furnace  might  find  limited  application  for  some  types  of 
r,.j  forme  somewhat  Bimilar  in  the  principle  of  the 

•*OnthrK  V...  ami  Knrch.  J.  P..  T\  S.  Pat«  '"     IMO;  tad    1. ORfl,  104. 

*!••    M  L018 
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resistor  are  patented  by  Pf anstiehl 97  and  Bristol  and  Johnson88  as 
a  laboratory  device  for  the  commercial  melting  of  very  small  quan- 
tities of  precious  metals  or  raw  materials. 

These  devices  are,  of  course,  applicable  only  to  small-scale  or 
laboratory  work  and  have  no  bearing  on  the  problem  of  commercial 
brass  melting. 

Fitzgerald  and  Moyer  "  have  described  a  laboratory  furnace  which 
can  be  used  to  heat  a  crucible  by  radiation  from  an  arc  over  it  or  to 
heat  one  embedded  in  granular  carbon. 

REED  FURNACE. 

Reed1  has  devised  a  crucible  tilting  furnace  primarily  designed 
for  steel  melting,  in  which  is  used  a  carbon  resistor  grid  similar  to 
the  Greenwood  and  Hutton  resistor  previously  mentioned,  but  in- 
stead of  radiating  heat  to  the  crucible  through  an  air  space,  as  in  the 
Greenwood  and  Hutton  furnace,  and  leaving  the  resistor  open  to 
oxidation  by  air,  the  space  between  resistor  and  crucible  is  filled  with 
molten  glass ;  the  composition  of  the  glass  is  chosen  to  give  the  cor- 
rect fluidity  for  the  temperature  to  which  the  contents  of  the  crucible 
are  to  be  heated.  The  glass  covers  the  resistor,  prevents  oxidation, 
and  also  conveys  heat  from  resistor  to  crucible  by  conduction. 

The  crucible  rests  on  a  slotted  pedestal  and  is  held  in  place  at  the 
top  of  a  refractory  cap,  which  also  serves  to  retain  the  glass  when  the 
furnace  is  tilted  to  pour. 

The  furnace  is  in  the  early  stages  of  experimental  development  and 
no  data  have  yet  been  obtained  on  its  power  consumption,  crucible 
life,  and  resistor  life  under  operating  conditions.  It  is  claimed  that 
the  furnace  can  be  shut  down,  the  glass  allowed  to  freeze,  and  the 
furnace  be  started  up  again  without  damage  to  the  resistor;  that  the 
resistor,  crucible,  and  refractory  container  for  the  glass  are  not 
attacked  by  the  gl^ss,  and  that  the  electrical  resistance  of  suitable 
glass  is  so  high  that  the  current  flows  only  through  the  resistor. 

The  furnace  is  not  primarily  designed  for  brass  melting,  but  if  the 
claims  of  the  inventor  are  substantiated  by  actual  test  it  might  be 
adapted  for  such  use.  No  active  development  work  is  being  done  on 
this  furnace  at  present,  but  such  development  is  planned  for  the  near 
future  both  on  steel  and  brass. 

"Pfansti.-hl.  C.  A„  U.  S.  Patent  1,288,285,  Oct.  20,  1918. 

Bristol,  W.  II..  and  Johnson.  M.  J.,  V.  S.  Patent   1,323,576,  Doc.  2.  imo. 

** Fltsgerald,  F.  A.  J.,  and  ftfoyer,  <;.  c.  Electric  fornace  for  experimental  work: 
Trans.  Am.  Bleetrochem.  Soc.,  \<.i.  :;»;,  1919  (not  yet  published)  ;  Chem.  and  Met.  Eng., 
vol.  21,  1919,  p.  769. 

1  Beed,  k.  k.,  r.  B.  Patent  1307,901,  Nov.  2,  1920. 
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NORTHRUP    FURNACE. 

There  is  one  furnace  which  can  be  made  in  a  crucible  lift-out  form 
in  tilting  form  which  is  in  successful  commercial  use.    This 
is  of  an  entirely  different  type  from  furnaces  previously  considered, 
high-frequency  current  and  is  a  form  of  induction  furnace, 
the  heat  being  generated  in  the  metal  itself  or  in  the  crucible  contain- 
ing the  metal  and  not  outside  the  crucible.    This  exception,  therefore, 
tl  be  described  under  induction  furnaces. 

HEARTH  FURNACES  USING  NO  CRUCIBLES. 
GENERAL   CONSIDERATIONS. 

Out  of  all  the  many  types,  forms,  and  sizes  of  electric  crucible 

lift-out   and   crucible  tilting  furnaces  suggested  and  of  the  fairly 

large  number  tried  in  the  Laboratory  or  in  the  foundry  none  has  had 

or  offers  my  real  degree  of  commercial  success,  with  the  exception 

of  the  one  radically  different  type,  the  Ajax-Xorthrup,  which  will  be 

xibed  Later. 

The  faults  of  the  crucible  furnaces  in  general  are  small  capacity, 

sequent   high  labor  cost,  low  production,  expense  for  crucibles, 

lack  of  reliability  due  to  fragility  of  crucibles  and  insulating  linings, 

and   low   thermal   efficiency,   which   means  a   high   cost   for  electric 

power.     All  the  usual  crucible  furnaces  of  the  lift-out  type  use  too 

much  electrical  energy  per  ton.    Furnaces  of  the  tilting  type — with 

tor  forming  or  in  contact  with  the  crucible — that  might  give 

Its  as  to  amount  of  energy  used  per  ton,  are  as  a  class  un- 

ible  because  of  the  inevitably  short  life  of  the  resistor  crucible  or 

g  lining. 

I  he  advantages  of  crucible  furnaces  lie  in  the  production  of  cru- 
cible-quality metal  and  in  reducing  the  metal  losses.     As  these  ad- 
;iii  be  obtained  in  the  hearth-type  electric  furnace  without 
tie-  disadvantages  of  the  crucible  type,  the  obvious  next  step  is  to 
turn  to  the  type-  that  do  not  use  crucibles  and  that  hold  the  metal  in  a 
Hi.  di  i  I  arging  it  by  tilting  or  tapping. 
Virkcj-      argues    againsi    the   use   of    a    hearth    furnace   made   of 
"siticiotts  materiali  Mich  ;j^  bricks,  carborundum,  vie,  which  form 
chemical  compounds  with  the  constituents  of  some  alloys,  to  their 
•it."    He  does  not  elaborate  the  exact  cases  to  which  he 
1      rei  Su  !  doubtless  exist,  and  there  is  good  reason  to 

■  '.   in  choosing  ;•   heart]]  lining,  whether-  or  not   it    may  injure 

tal;  but  the  fact  that  all  the  electric  brass  furnaces  that  are 

essfu]  commercial  u  e  aw  <>\'  the  hearth  type  is  sufficient  proof 

•  for  many  all<  b<    rth  materials  can  be  found  which  are 

furnace  a»  a  copper-molting  medium:  Foundry,  vol.  45,  1017, 
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not  detrimental  to  those  alloys.  It  is  important,  however,  to  make 
sure  that  the  design  of  the  furnace  is  not  such  as  to  allow  the  reduc- 
tion of  metallic  silicon  and  its  introduction  into  the  bath  of  brass. 

FUNDAMENTAL  FEATURES  IN  THE  DESIGN  OF  USEFUL  HEARTH- 
TYPE  FURNACES. 

In  considering  the  design  of  hearth-type  electric  furnaces  for  com- 
mercial use  there  are  several  factors  to  be  considered.  Rodenhauser 3 
has  attempted  to  set  forth  the  requirements  of  an  ideal  furnace  for 
melting  and  refining  steel  and  to  show  that  these  are  best  filled  by 
an  induction  furnace.  Commercial  practice  has  not  borne  out  his 
argument,  as  induction  furnaces  for  steel  are  rarities  in  the  United 
States,  but  it  is  useful  nevertheless  to  follow  Rodenhauser's  example 
in  pointing  out  some  fundamental  requirements  of  an  electric  fur- 
nace for  brass,  remembering  always  that  the  ideal  furnace  for  one 
set  of  melting  conditions  is  not  necessarily  perfect  for  another  set. 
These  fundamental  requirements  may  be  discussed  under  the  topics, 
metallurgical  fitness,  reliability,  rate  of  production,  thermal  efficiency, 
and  electrical  characteristics. 

METALLURGICAL    FITNESS    FOR   THE   WORK. 

The  prime  requisite  of  a  furnace  is  metallurgical  fitness  for  the 
work  to  be  done.  Unless  the  quality  and  uniformity  of  product  de- 
sired can  be  obtained  the  furnace  is  of  no  use.  If  ladle  pouring  will 
not  give  a  satisfactory  product,  for  example,  the  furnace  must  be 
capable  of  pouring  the  metal  direct  into  molds.  If  a  given  type  of 
furnace  will  not  operate  on  a  given  alloy  without  causing  too  great 
metal  losses,  as  a  direct-arc  furnace  on  yellow  brass,  it  is  barred 
from  consideration  unless  some  abnormal  condition  makes  this  loss 
acceptable  on  account  of  a  greater  saving. 

For  melting  a  variety  of  alloys  no  furnace  can  be  used  from  which 
one  charge  can  not  be  removed  completely  enough  to  prevent  inju- 
rious contamination  of  a  charge  of  a  widely  dissimilar  alloy  to  fol- 
low. Versatility,  or  the  ability  to  melt  all  the  alloys  handled  by  a 
plant,  is  a  desirable  feature  of  a  furnace,  and  where  the  output  of  a 
plant  will  not  allow  the  allocation  of  separate  furnaces  to  separate 
types  of  alloys,  this  feature  may  become  a  necessity.  Another  sort 
of  versatility  that  is  desirable  in  a  furnace  is  the  ability  to  work 
economically  on  either  8.  16,  or  24  hour  operation  per  day. 

If  close  temperature  limits  must  be  held  lest  the  product  suffer,  a 
furnace  incapable  of  close,  prompt,  temperature  control  would  be 
either  useless  or  at  a  disadvantage. 

3  Rodenhauser,   W.,  and   Srho^nawa,  J.,   translated   by   voin    Uanr,    C.    II..    ITleetric   fur- 
naces in  the  iron  and  steel  industry,  1917  ed.,  p.  66. 
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RELIABILITY. 

The  furnace  must  be  reliable  and  must  stand  ap  to  its  work  day 
after  day.    St.  John,4  in  discussing  this  subject,  has  well  expressed 
situation  when  he  says:  "Sustained  mediocrity  is  preferable  to 
intermittent  perfection.9' 

R  igge  Lness  is  an  essential.  Reliability  is  to  be  attained  by  rug- 
ged construction,  by  the  use  of  high-grade  and  suitably  chosen  re- 
tories,  and  by  the  avoidance  of  complicated  construction  of 
heated  parts.  One  can  determine  with  a  reasonable  degree  of  accu- 
the  behavior  as  to  power  consumption  and  as  to  metal  losses 
of  a  given  furnace  type  by  laboratory  tests  on  a  furnace  of  compara- 
tively flimsy  construction;  but  none  but  a  robustly  built  furnace, 
can  stand  up  under  constant  use  in  rapid  production  in  foundry 
conditions. 

It  ifi  not  vital  to  successful  operation  that  all  the  appurtenances  of 
an  electric  furnace  be  of  simple  construction  or  foolproof  if  they  are 
imt  placed  where  they  become  hot,  but  are  placed  where  they  can  be 
nded  to.     The  more  simple  and  foolproof  they  can  be  made  the 
better,  of  course,  but  electric  furnaces  can  operate  profitably  with 
complicated  and  delicate  appurtenances,  as  is  proven  by  the  opera- 
tion, for  many  years,  before  more  simple  and  less  delicate  controls 
e  devised,  of  steel  furnaces  with  complicated  electrode-regulating 
ha n isms  that  had  to  be  protected  by  glass  cases  and  that  required 
the  almost  constant  attention  of  a  high-class  electrician. 

But   when  delicate  or  "fussy"  construction  is  attempted  in  the 

ted   interior  of  the  furnace  results  are  likely  to  be  disastrous. 

Complicated,  fragile  resistors,  projections  in  the  refractory  lining, 

or  anything  in  the  heated  zone  that  can  not  be  readily  replaced  while 

furnace  Lb  hot  are  highly  detrimental  to  reliability.     Simplicity 

durability  of  construction  inside  the  furnace  are  of  paramount 

ortance.     For  example,  the  tilting  furnaces  in  which  a  molded 

graphite  resistor  serves  also  as  crucible  or  hearth  by  the 

-ition  of  ail   insulating  coating  have  low  reliability,  because 

ai'ilv  fragile,  and  its  failure  usually  means 
I  of  the  whole  resistor;  when  that  failure  occurs  the  furnace  has 
to  be  cooled  and  practically  rebuilt. 

Similarly,  i  furnace  with  i  resistor  built  of  a  lattice  or  grid  of 

not  likely  to  be  reliable,  as  the  failure  of  any 

I  of  thi  a  complete  shutdown.     Arc  furnaces  have 

much  to  commend  them,  as  i  broken  or  damaged  electrode  can  he  re- 

:    with   but    little  delay    while   the    furnace   is   hot. 

af  Metallurgical  ilaetrk  fofaican  Cban.  tad 
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The  selection  of  refractories  is  of  utmost  importance  in  attaining 
reliability.  The  ideal  combination  of  extreme  refractoriness,  mechan- 
ical strength,  great  resistance  to  heat  flow,  or  low  thermal  conductiv- 
ity, and  cheapness  is  not  attainable  in  any  one  refractor}7.  The  way 
to  obtain  the  best  results  seems  to  lie  in  the  use  of  three  layers.  The 
inner  layer,  forming  the  working  chamber  of  the  furnace,  should  be 
built  of  materials  chosen  primarily  for  refractoriness,  strength,  free- 
dom from  spalling  under  changes  of  temperature,  and  for  ability 
to  withstand  such  conditions  of  the  furnace  as  a  strongly  reducing 
atmosphere  or  as  contact  with  a  given  alloy,  when  used  in  the  hearth, 
without  being  damaged  by  such  contact  and  without  damaging  the 
alloy.  Low  thermal  conductivity  and  low  cost  of  this  layer  are 
secondary  to  the  considerations  cited  above.  The  intermediate  layer 
should  be  of  good  refractoriness  and  strength,  with  the  lowest  thermal 
conductivity  consistent  with  these  qualities.  Cheapness  becomes  a 
factor  in  choosing  this  layer.  The  outer  layer  should  be  chosen  pri- 
marily as  a  heat  insulator  against  the  rather  low  temperature  of 
the  outside  of  the  intermediate  layer. 

Sometimes  two  layers  only  prove  satisfactory,  in  which  case  the 
outer  layer  must  combine  the  properties  of  the  intermediate  and  the 
outer  layers  of  a  three-layer  lining. 

There  are  no  grave  difficulties  in  obtaining  highly  satisfactory  ma- 
terials for  all  but  the  inner  layer,  the  choice  of  which  is  limited  by 
the  materials  available  and  represents  a  balance  between  initial  cost 
and  life.  Depending  on  conditions,  it  may  be  cheaper  to  use  ex- 
pensive materials  and  to  avoid  the  labor  and  interest  charges  and 
loss  of  production  due  to  shutting  down  more  frequently  for  relin- 
ing  or  it  may  be  better  to  use  cheaper  materials  and  to  reline  more 
often. 

EATE   OF  PRODUCTION. 

Next  in  order  of  importance  comes  the  rate  of  production.  A  high 
rate  of  production  cuts  down  overhead,  labor,  and  interest  charges 
and  is  essential  to  justify  the  high  initial  cost  of  an  electric  furnace, 
as  this  initial  cost  is  necessarily  far  above  that  of  a  fuel-fired  fur- 
nace. A  high  rate  may  be  obtained  by  a  design  of  high  thermal  effi- 
ciency, but  no  less  by  other  factors  of  design.  A  furnace  should  be 
capable  of  rapid  charging  and  discharging;  one  that  can  be  charged 
from  overhead,  by  dumping  of  the  charge  into  it,  or  that  is  capable 
of  mechanical  charging  in  other  ways  is  preferable  to  one  in  which 
slow  hand  charging,  as  through  a  small  side  door,  must  be  done. 
If  slagging  or  stirring  is  necessary  on  a  given  charge,  the  furnace 
must  allow  easy  access  to  all   parts  of  the  bath  for  these  purpo 

n  so  small  a  matter  as  a  difference  <'i'  half  a  minute  in  the  speed 
with   which  a   charging  door,  pouring  spout,  or  tap  hole  may  be 
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opened  or  closed  may  affect  materially  the  rate  of  production,  since 
these  operations  arc  repeated  many  times. 

THERMAL   EFFICIENCY. 

A  high  thermal  efficiency  in  total  kw,  h.  used  per  ton  of  product 
is  of  importance,  because  electric  energy  is  a  more  expensive  source 
oi  heal  than  the  combustion  of  fuel.     For  a  given  amount  of  power 
:  a  high  thermal  efficiency  also  means  a  higher  rate  of  produc- 
tion. 

Thermal  efficiency  is  to  be  attained  in  the  following  ways: 
(1 )  By  generating  the  heat  in  or  as  near  to  the  charge  as  possible; 
-  by  supplying  power  at  the  highest  practicable  rate  of  power  in- 
put:  (3)  by  the  avoidance  of  waste  space  inside  the  furnace,  thus 
making  the  furnace  compact,  with  less  wall  volume  to  heat  and  less 
surface  area  to  radiate  heat,  and  (4)  by  choosing  refractories  which 
will  keep  the  heat  inside  the  furnace  instead  of  allowing  it  to  flow 
out  and  be  wasted. 

The  t  supplied  does  one  of  two  things:  It  heats  the  charge 

or  n  bo  waste  into  or  through  the  walls,  roofs,  doors,  and  elec- 

les.     If  the  charge  is  so  placed  that  it  gets  the  first  chance  at  the 

Jong  it  directly  instead  of  indirectly  after  it  has  first  gone  to 

a  roof  or  wall,  from  which  only  part  of  the  energy  is  reflected  back 

.  more  will  be  absorbed  by  the  metal.     The  energy  lost 

through  the  walls  of  a  given  furnace   remains  approximately  con- 

I  given  operating  temperature:  if  the  rate  of  energy  input 

I.  not  only  is  the  -peed  of  production  increased,  but  the 

jv  usefully  applied  to  that  lost  is  greater.    If  a  fur- 

ihes    LOO   kw.   and   lose-  35   kw.  through  shell   radiation  and 

electrode  kw.  do  useful  work,  and  the  efficiency  is  65  per 

It'  the  furnace  takes  L£5  kw.  and  :*7.J  are  lost,  87J  will 

do  useful  work;  the  output  is  increased  35  per  cent,  and  the  thermal 

t<>  7' i  per  cent.     Hence  the  highest  rate  of  power  input 

refractories  can  stand  gives  the  best  results  as  to  thermal 

iency  and   production. 

\    f:  may  not   be  used  continually,  but  may  cool  during  the 

Losing  heat,  which  must  be  put  back  during  the  first 

•    t   ,  ning  before  the  walls  again  reach  thermal  equi- 

librium.    Cnder-  these  circumstance*  the  thermal  capacity,  or  the, 
the  w;iM-  cai  .  is  of  importance;  a  furnace  for 

nt  work,  therefore,  may  show  a  higher  over-all  thermal 
f  it  hae  thin  walls  of  low  thermal  capacity,  even  though 
I  lose  through  the  wall-  i.^  greater  than  with  thicker 
I  the  furnace  is  to  be  ased  may  influence  its  design. 

?<>  build   :i   given   type  of   funi;ice   iu   a    larger  size  and 
•    .it   the      ime  time,   results  in   marked   in- 
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crease  in  thermal  efficiency,  as  the  capacity  increases  faster  than  the 
wall  volume  and  wall  area,  and  therefore  increases  the  ratio  of  use- 
fully applied  heat  to  the  amount  lost  through  the  walls. 

The  relative  importance  of  thermal  efficiency  depends  on  the  cost 
of  electric  power.  If  power  is  cheap,  thermal  efficiency  can  be 
sacrificed  for  stability,  convenience,  or  for  securing  other  advantages 
that  might  be  more  readily  obtained  in  a  less  efficient  type;  as  the 
cost  of  power  increases  it  becomes  of  greater  importance  in  the  cost 
sheet,  so  that  the  choice  of  a  type  must  take  account  of  this  item  and 
of  the  difference  in  the  thermal  efficiency  of  different  types  of 
furnaces. 

ELECTRICAL   CHARACTERISTICS. 

For  use  in  a  given  plant  the  furnace  must  be  able  to  utilize  the 
available  supply  of  alternating  current,  either  from  the  power  house 
of  the  plant  or  from  a  central  station,  without  undue  interference 
with  other  users  of  power  or  with  efficient  generation  of  the  power. 

Few  electric  furnaces  can  be  designed  to  take  transmission-line 
voltages,  and  none  can  be  so  designed  with  safety  to  the  users ;  hence 
transformers  are  always  used  to  step  high-tension  current  down  to 
furnace  voltages. 

Some  furnaces,  notably  direct-arc  furnaces,  tend  to  disturb  the 
regulation  of  the  lines  on  which  they  are  located.  This  interference 
is  most  noticeable  in  the  case  of  a  furnace  of  high  power  require- 
ments on  a  low-capacity  line,  and  is  especally  objectionable  where 
a  single-phase  furnace  has  to  operate  on  one  phase  of  a  three-phase 
line.  The  type  of  furnace  must  be  chosen  with  care,  if  lines  of  low 
capacity  must  be  used ;  on  a  line  of  large  capacity  it  is  often  possible 
to  use  without  trouble  a  300-kw.  single-phase  arc  furnace. 

A  furnace  of  low  power  factor  involves  losses  in  the  transmission 
of  power,  and  power  is  priced  higher  to  such  a  furnace  than  to  one 
of  higher  power  factor.  Few  furnaces  operate  at  a  power  factor 
below  75,  however,  and  this  figure  is  usually  satisfactory  to  the  power 
plant. 

The  power  department  of  a  plant  or  the  central  station  that  sup- 
plies power  to  a  plant  proposing  to  install  an  electric  furnace  must 
always  be  consulted  to  ascertain  whether  the  electrical  character- 
istics of  the  furnace  to  be  installed  will  fit  the  power  supply  of  that 
plant  or  locality.  Usually  little  difficulty  is  experienced  in  largo 
manufacturing  districts,  but  in  isolated  plants  or  in  small  communi- 
ties it  might  not  be  feasible  to  use  any  electric  furnace  whatever 
because  of  the  lack  of  suitable  power  supply. 

The  electrical  characteristics  of  the  furnace  may  affect  its  opera- 
tion or  its  thermal  efficiency.  Attempts  to  <_>vt  too  high  a  power 
factor  on  an  arc  furnace  may  result  in  an  unsteady  arc.  Other 
things  being  equal,  the  higher  the  voltage  and  the  lower  the  current 
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:  on  a  furnace  the  better  its  thermal  efficiency,  because  the  heat 

from  the  electrodes  increase  rapidly  as  the  current  increases. 

The  electrode  losses  from  a  100-kw.  furnace  taking  LOO  volts,  1,000 

amperes,  may  be  5  kw..  while  from  another  100-kw.  furnace  taking 

raits,  1,000  amperes,  they  may  be  Ifi  kw,  or  higher.  Are  furnaces 
thus  usually  have  an  advantage  in  thermal  efficiency  over  resistance 
fun  3,  which  are  normally  designed  to  use  a  much  lower  voltage 
than  are  furnaces.  On  the  other  hand,  arc  furnaces  continually  use 
op  electrodes,  while  the  electrodes  of  resistance  furnaces  may  Last 
for  many  months. 

COST   OF   OPERATION. 

As  has  been  stated,  the  initial  cost  of  any  electric  furnace  is  rela- 
!v  high,  so  that  charges  for  interest  and  depreciation  can  not  be 
lected,  especially  if  the  rate  of  production  of  the  furnace  is  low. 
t   of  maintenance  for  refractories  and  electrodes  is  also  usually 
higher  than  on  fuel-fired  furnaces.    The  final  test  of  an  electric  fur- 
Dace  bility  to  produce,  under  the  conditions  in  any  given 
plant,  molten  metal  of  the  desired  quality  in  the  ladle  at  a  lower 
•■-all  cost   than  any  fuel-fired   furnace  or  any  other  electric  fur- 
The  operation  of  a  giveD  furnace  affects  the  cost  as  much  as 
_  •::  therefore  it  is  necessary  to  consider   furnace  operation 
irately   from  the  design.    This  phase  of  the  subject  will  be  con- 
tred  hti  regards  the  commercial  furnaces,. after  a  discussion 
of  the  design  and  of  the  capabilities  of  all  hearth-type  furnaces, 
whether  now  in  commercial  operation  or  not. 

HEARTH-TYPE  FURNACES— THEIR  VARIOUS  FORMS. 
EXPERIMENTAL  ROCKWELL  FURNACE. 

W.   S.  Rockwell  Co.,  furnace  engineers,  constructed  a  long 

I    ; ^ ] » i r i ir  furnace  in  which  metal  was  to  be  contained  on  a 

tctory  hearth,  probably  supported  by  refractory  piers, 

below  which  was  a  resistor.    Work  on  this  type  did  not  progress  very 

far:  if  the  floor  of  the  hearth  were  made  thick  enough  to  hold  up  the 

I .il.  it  baffled  too  much  the  flow  of  heal,  and  the  efficiency 
nlv  about  <'•!  per  cent,  calculated  from  the  test. 
All  other  attempts  to  design  a  hearth-type  furnace  have  specified 
ting  of  the  metal  should  be  done  from  the  top  or  from 

BRISTOL   FURNACE. 

.1  tilting  fumaoe  for  brass  with  a  carbon-rod  re 

m  being  injected  to  prevent  th<-  entrance  of  air 
9,   L910 
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and  to  cut  down  oxidation  of  the  resistor  and  of  the  charge.  An  out- 
let is  provided  for  the  steam,  and  there  is  nothing  to  prevent  the 
volatilization  of  zinc  through  such  an  outlet.  In  fact,  the  stream  of 
steam  would  tend  to  sweep  out  the  zinc  vapor  as  fast  as  it  should 
be  evolved. 

Instead  of  reducing  the  oxidation  of  the  resistor,  the  steam  would 
attack  the  resistor,  just  as  red-hot  coke  is  attacked  by  steam  in  the 
production  of  water  gas.  Steam  passed  over  red-hot  iron  filings  will 
produce  iron  oxide  and  hydrogen,  and  it  seems  very  likely  that  an 
analogous  decomposition  of  the  steam  would  be  brought  about  by 
the  zinc  in  brass,  forming  zinc  oxide6  and  hydrogen,  as  zinc  in  the 
presence  of  impurities  is  capable  of  thus  decomposing  even  liquid 
water. 

Divine  7  states  that  steam  blown  through  a  molten  zinc  alloy  oxi- 
dizes the  zinc. 

SNYDER  RESISTOR  TILTING  FURNACE. 

The  Industrial  Electric  Furnace  Co.  show  a  photograph8  and  a 
diagram  of  a  furnace  in  the  form  of  a  horizontal  cylinder  with  coni- 
cal ends,  the  melting  chamber  inside  being  spherical.  The  diagram 
shows  a  carbon-rod  or  tube  resistor  on  the  horizontal  axis  of  the 
furnace.  No  commercial  installations  have  been  made  for  melting 
brass  and  according  to  Booth9  no  tests  were  made  on  brass,  though 
it  was  suggested  that  it  might  be  available  for  melting  nonferrous 
alloys. 

CLINGMAN  RESISTOR  FURNACE. 

The  Clingman  resistor  furnace,  it  was  stated  in  1918,  was  being 
manufactured  for  trial  in  a  brass  and  copper  mill  by  the  Columbia 
Electric  Furnace  Co.  It  has  a  carbon-rod  resistor,  which  is  said  to 
last  70  to  120  heats,  located  centrally  in  the  furnace.  The  furnace 
walls  are  extended  nearly  to  the  resistor.  thc<e  projections  being 
made  of  carbon.  '  Above  the  rod  the  furnace  has  a  sort  of  hopper 
shape,  and  below  it  a  health  from  which  metal  can  be  poured.  The 
furnace  is  designed  to  take  10  to  20  volts  and  is  planned  for  being 
carried  bodily  to  the  molds  for  pouring.  Different  sizes  are  de- 
signed for  capacities  of  loo  to  500  pounds  per  heat.  The  500-pound 
furnace  is  to  take  60  kw.  The  cold  charge  is  to  be  placed  over  the 
p,  supported  by  the  resistor  and  by  the  carbon  projections  in 

8  Compare  Bcbenck,  f:..  and   Dean,   B    s.  The  physical  chemistry  <>f  *  La,    1919, 

P-   i" 

'Divine,   R.   i»..  Separation   of  lead,   ilnc,  and  antimony  i  Bull.   Am.   lust.   Mjn. 

2,  Aug.    191  ».  !-.    1STT. 
petrfc  Furnace  Bulletin  No    n>.  October,  1917,  p.  27. 

■  i! ..  C    ii..  Booth  «•!<•<•» ri«   rotating  brass  furnace:  Metal  in<!..  rol.  it.  1919,  p,  .".it, 
par.    1. 
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the  vails,  thus  being  in  contact  with  the  resistor  until  it  molts;  then 
it  drops  through  the  space  hot  ween  the  resistor  and  the  wall  into  the 
hearth,  where  it  Is  heated  to  pouring  temperature  by  radiation  from 
tin  or. 

It  is  not  dear  how  the  current  can  be  prevented  from  short- 
circuiting  through  the  solid  charge  piled  on  the  resistor  rod,  nor 
how  the  rod  is  to  >upport  the  weight  of  the  charge  without  breaking. 
x  actual  tests  on  this  design  have  been  reported,  although  certain 
claim-  for  its  performance  have  been  made,  including  a  claim  of 
a  consumption  of  power  at  the  rate  of  140  to  160  kw.  h.  per  ton, 
though  140  kw.  h.  per  ton  is  less  than  the  power  theoretically  re- 
quired in  a  furnace  of  100  per  cent  thermal  efficiency.  It  is  possible 
to  obtain  such  figures  experimentally  if  heat  stored  in  a  furnace  is 
utilized  and  no  account  taken  of  it.  For  example,  one  could  charge 
a  few  pounds  of  brass  into  a  steel  furnace  after  pouring  a  heat  of 
steel  and,  without  using  any  electric  power  at  all,  melt  the  brass 
and  raise  it  to  pouring  temperature.  The  furnace  would  then  melt 
brass  at  an  apparent  power  consumption  of  no  kw.  h.  per  ton. 

STEINBERG   AND   GRAMOLIN   FURNACE. 

Two  Russian  inventors10  have  designed  another  carbon  resistance 
rod  furnace,  having  three  rods  over  a  hearth,  for  three-phase  cur- 
rent.    No  application  of  the  design  seems  to  have  been  made. 

JOHNSON    FURNACE. 

YV.  McA.  Johnson11  suggests  a  furnace  in  which  a  resistor  built  up 

of  i  latticework  of  carbon  bars  is  located  over  the  hearth.     Granular 

tor  may  also  be  piled  over  the  lattice.    Unusual  features  of  the 

furnace   are  a  propeller- wheel  stirrer  set  in  a  recess  at  one  side 

of  the  heart]]  to  eauee  circulation  of  the  metal  and  an  impeller  pump, 

which  is  designed  to  circulate  the  gaseous  contents  of  the  vapor  space 

flow  from  the  resistor  downward  till  it  strikes  the  metal 

in  the  hearth;  this  mechanism  would  convey  heat  by  the  bodily  motion 

of  the  hot  well  as  by  radiation.    It  is  not  clear  how  the  stirrer 

iiip.  whi.-h  are  to  be  made  of  graphite  or  fire  clay,  could 

-    beady  operation  without  difficulty. 

I     e  1    r  designed  mainly  a-  a  mixing  and  superheating  fur- 

•  ■  than   i8s  melting  furnace,  and  the  charging  opening  is 

!1.     Molten  copper  and  molten  zinc  in  the  proper  proportions  are 
to  I  ted  in  other  suitable  furnaces  and  poured  into  this   furnace 

'    QfUMMa,  r,  Brltua  Patent  [11,679  of  Dee  18,  1917. 

W.  Mr.\      i  Oct    16,    1917;  application  Oled  Mar. 
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for  mixing.12     Borings  or  other  fine  material  can  also  be  charged. 
This  furnace  has  not  been  actually  constructed  or  operated  on  brass. 

FITZGERALD-THOMSON    FURNACE. 

The  power  input  that  can  be  taken  by  a  single  carbon  rod  used  as 
resistor  is  limited,  and  such  a  rod  is  fragile.  If  its  diameter  should 
be  increased  to  strengthen  it,  its  resistance  would  be  so  reduced  that 
huge  currents  at  low  voltage  would  be  needed.  If  a  complex  resistor 
were  built  in  the  form  of  latticework,  for  example,  there  would  be 
difficulty  in  building  it  up  so  that  it  would  give  uniform  heating. 

All  such  resistors  to  be  used  in  a  brass  furnace  run  at  temperatures 
so  high  that  the  refractories  which  support  the  ends  of  the  resistors 
receive  severe  treatment.  Fitzgerald 13  built  a  furnace,  after  a  design 
by  Thomson,  in  which  the  resistor  consisted  of  a  layer  of  small  car- 
bon rods  laid  side  by  side,  the  current  passing  at  right  angles  to  the 
axes  of  the  rods.  The  contact  resistance  between  the  rods  was  thus 
utilized  as  well  as  the  resistance  of  the  rods  themselves.  The  ends 
of  the  rods  were  supported  on  magnesite  ledges  at  the  sides  of  the 
furnace,  the  electrodes  entering  from  the  ends,  the  resistor  being 
placed  over  the  hearth.  The  furnace  was  designed  for  use  in  carry- 
ing out  the  Imbert  zinc-smelting  nrocess,  but  was  also  tried  for  melt- 
ing iron  and  copper. 

The  resistor  burns  away  when  the  air  strikes  it ;  a  modification  of 
the  furnace  provides  therefore  for  placing  a  septum  between  the 
resistor  and  the  hearth  to  prevent  an  access  of  air  to  the  resistor. 
The  septum  is  made  of  carborundum  or  siliconized  graphite  to  resist 
oxidation  and  to  have  heat  conductivity  high  enough  to  baffle  the 
flow  of  heat  as  little  as  possible. 

The  weak  point  of  the  furnace  was  the  support  of  the  ends  of  the 
resistor  rods,  which  were  so  hot  that  the  supporting  ledges  of  mag- 
nesite failed.  To  avoid  this  weakness,  a  resistor  was  designed  of 
molded  carbon  plates  5  inches  high,  8J  inches  long  on  top,  5 J  inches 
long  on  the  bottom,  and  about  an  inch  thick  in  the  thickest  part; 
These  plates,  instead  of  being  flat  and  of  uniform  thickness,  were 
ribbed  or  fluted;  by  placing  alternate  ones  higher  than  the  others, 
so  that  a  projection  fitted  into  a  depression,  the  row  of  plate-  \\:is 
self-supporting  if  the  ends  of  the  row  and  not  the  sides  were  held 
up.  As  the  ends  are  held  up  by  the  large  carbon  or  graphite  elec- 
trodes, the  sides  of  the  resistor  need  no  support  and  the  resistor  does 
not  come  in  contact  with  any  refractories. 

"Compare  also  addles*,  T...  r.  s.  Patenl  1,041,940,  Oct.  22,  1912;  Clamer,  G.  n.,  rj,  s. 
Patent   1,198,018,  s.  pt,  19,  1916. 

iiizL'«  raid,   i".   A.   .1.,  a   ii.-w   electric   resistance   furnace:   Trans,    am.    Blectrochem. 

Soc.  vol.   ii>,  1911,  i>.  L'7:*. 
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The  thickness  of  the  plates  is  slightly  less  at  the  bottom  than  at 
the  it  when  the  resistor  is  assembled  the  Long  row  of  plates 

forme  an  arch. 

This  makes  the  Lower  part  of  the  arch  offer  a  shorter  path  to  the 

con  Did,  added  to  the  fact  that  the  plates  are  narrower  at  the 

bottom   of   the    resistor   than    at   the   top.   means   that    the   current 
den  higher  on  the  bottom  of  the  resistor  than  at  the  top  and 

the  r  will  heat  up  more  at  the  bottom.    The  corrugated  pli 

offer  much  contact  resistance,  so  that  of  the  total  resistance  of  a  row 
n  plates  !>s  per  cent  was  due  to  the  contact  resistance  and  only  2 
ut  to  that  of  the  body  of  the  plates. 

THOMSON  FURNACE. 

The  principle  of  a  self-supporting  carbon  resistor  described  above 

latented  by  Thomson  in  a  large  variety  of  forms.14     In  the 

r  forma  the  use  of  molded  carbon  plates  has  been  given  way  to  the 

use  <>f  a  continuous  graphite  resistor  which  could  be  made  from  a 

square,  graphite  bar  by  shaving  down  the  bar  into  a  wedge 

sha;  make  the  lower  part  of  the  resistor  narrower  than  the  top, 

as  was   the   case   in   the   ribbed-plate  resistor,  then  by  sawing  the 

•  nearly  but  not  quite  through  lengthwise,  giving  it  the  shape 

of  a   U.  and  then  making  a  -cries  of  smaller    U's  alternately  upright 

invert  cutting  each  leg  of  the  big  U    nearly  but  not  quite 

thr  alternate  cuts  from  top  and  bottom.     This  gives  a  re- 

n   which   the  current  enters  one  leg  of  the  big    U,  takes  a 

eini  atfa  aroui  !  t  he  cuts  in  that  leg  into  the  other  leg,  and  again 

ind  t!  <>ut  th  ad  leg.    The  slots  in  this  zig-zag  grid 

arc  iii!'-  I  "-'•  t  tory  material  of  low  electrical  conductivity 

when  i  alumina,  and  the  surface  of  the  resistor  is  like- 

d   with   it.     This  increases  the  strength  and  stability  of 

)T  and  also  reduces  its  tendency  to  oxidation.    The  cylin- 

dri  Ided  Lrraphite-lirc-c!ay  or  used  in  the  Snyder  crucible 

lift-out    furnace    previously   described    wras    Blotted    in    an    analogous 

the   resistance,  and   the  slots  were  filled  with 

alundum  tabilHr.     The  pure-graphite  re- 

i  in  the  Thomson  furnace  is  of  course  capable  of  being  run 

nch  higher  temperature  than  the  graphite-fire-clay  resistor 

used  b     ; 

~:  r.    1,    1!Uu; 

i,  1,080,81  918 ; 

v    s.    1919;    i. :;i -.'•_•-.    1,818,029, 
]  1,  1919. 
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The  John  Thomson  Press  Co.  advertised140  an  electric  brass  fur- 
nace in  January,  1919,  and  in  February  replied  to  an  inquiry  from  a 
brass  foundry  that  the  resistor  (of  the  style  just  described)  is  free 
from  air  burning,  and  therefore  practically  permanent.  The  furnace 
temperatures  are  controlled  by  a  transformer  having  taps  to  supply 
20  to  50  volts  in  2^-volt  steps  and  50  to  100  volts  in  5-volt  steps  at  the 
furance  terminals.  The  kv.-a.  capacity  of  the  transformer  is  not 
given.  Blue  prints  dated  July  10,  1918,  of  a  furnace  to  hold  1,000 
pounds  of  brass  were  sent  to  the  foundry,  but  it  was  stated  that 
various  modifications  were  being  made  in  that  design  as  a  result  of 
trial.  In  a  test  by  the  makers  the  furnace  is  said  to  have  melted 
brass  at  the  rate  of  250  kw.  h.  per  ton.  The  figure  doubtless  refers 
only  to  24-hour  operation. 

The  1,000-pound  furnace,  complete  with  transformer,  was  priced 
at  $11,800  in  February,  1919.  The  upkeep  cost  was  said  to  be  "  very 
small." 

The  blue  prints,  from  which  figure  11  is  drawn,15  show  a  tapping 
furnace  with  a  rectangular  hearth,  over  which  is  a  zigzag  resistor, 
each  end  of  which  rests  on  a  carborundum  support.  There  is  no 
septum  between  resistor  and  hearth,  as  the  resistor  is  claimed  to  be 
free  from  oxidation.  Both  terminals  of  the  single-phase  circuit  are 
connected  to  the  ends  of  the  resistor  at  one  end  of  the  furnace,  the 
tap  hole  and  spout  being  at  the  other  end  of  the  furnace.  Charging 
doors  are  provided  at  the  ends  of  the  furnace.  The  roof  is  arched 
over  the  resistor  in  order  to  reflect  heat  upon  the  bath. 

The  whole  furnace  is  mounted  in  a  framework  of  channel  iron  on 
a  base.  In  the  center  of  the  base  is  a  hemispherical  projection  fitting 
into  a  cup  in  a  smaller  base  fastened  to  the  floor.  Outside  the  cup 
the  small  base  has  a  flatly  conical  surface.  At  the  center  of  the  top 
of  the  framework  is  a  bearing  with  an  eccentric  arm.  The  eccentric 
rides  a  rigid  bearing  and  is  rotated  by  a  motor  through  a  geared 
and  belted  transmission.  The  motion  of  the  eccentric  arm  produces 
a  gyrating  movement  of  the  furnace,  evidently  designed  to  stir  the 
metal  and  to  minimize  surface  overheating  of  the  bath,  on  the  prin- 
ciple of  stirring  a  bath  of  brass  by  motion  of  the  furnace  previously 
shown  by  the  Bureau  of  Mines  to  be  desirable  in  the  rocking  arc- 
furnace.  A  furnace  motion,  designed  to  stir  the  metal,  of  about  the 
degree  obtained  in  the  Thomson  design,  was  used  on  some  of  the 
early  forms  of  the  Stassano1*  steel  furnace.  Flexible  leads  must,  of 
course,  be  provided  to  allow  the  gyrating  motion. 

140  Ch<  m.  ::rn]   Met.  Eng.,  vol.  20,  i!»i!t.  advertising  i<;iLr<s.  January  [saw. 
16  S<-.-  also  Thomson,  .»..  D.  s    Patent   1,308,877,  July  8,  1910. 

ia  Rodinhausi  r.  W.,  and  Benoenawa,  J.,  translated  by  worn  Bauer,  C,  II..  Electric  fur- 
naces  In  the  iron  and  iteel  industry,     no 7.  p,  108. 
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LATER  FORM  OF  THE  THOMSON  FURNACE. 

The  Thomson  gyrating  brass  furnace  appears  to  have  been  aban- 
doned in  favor  of  a  cylindrical,  rotating  furnace  with  a  central,  tubu- 
lar zigzag  resistor.  The  latest  design  is  stated  by  Thomson  17  to  be 
based  on  his  Patents  Nos.  950,878,  950,880,  1,318,030,  and  1,318,031. 

The  original  method  of  protecting  the  resistor  from  oxidation  by 
a  coating  of  carborundum  is  said  to  have  been  a  "  disappointment,1' 
as  it  did  not  prove  satisfactory  under  severe  test.  Another  method 
is  said  to  have  been  devised. 

The  Thomson  furnace  could  be  provided  with  two  or  three  resistors 
in  order  to  use  polyphase  power.  The  resistor  could  not  be  with- 
drawn while  charging,  as  can  the  electrodes  of  the  rocking  and  rotat- 
ing indirect-arc  types,  which  will  be  described  farther  on  in  this 
report.  It  would  be  necessary  to  exercise  great  care  in  charging  in 
order  to  avoid  breaking  the  resistor.  Mechanical  charging  from 
overhead  would  therefore  be  impracticable. 

If  this  type  of  furnace  is  made  to  rotate  completely,  the  problem 
of  maintaining  a  good  electrical  contact  at  the  sliding  contact  would 
be  even  more  serious  than  in  the  completely  rotating  arc  type,  as  the 
resistor  takes  a  lower  voltage  and  a  higher  amperage  than  the  arc. 

Until  foundry  tests  have  been  made  to  show  the  behavior  of  the 
Thomson  furnace  its  value  can  not  be  predicted,  for  that  will  depend 
on  the  life  of  the  resistor  in  actual  practice,  on  the  actual  number  of 
kilowatt  hours  needed  per  ton  of  metal,  and  on  the  rate  of  production, 
life  of  the  lining,  and  on  its  general  convenience. 

HARVEY  FURNACE. 

Harvey,170  an  English  designer,  has  described  a  design  in  which 
the  furnace  is  cylindrical,  with  a  rounded  bottom  and  an  open  top, 
which  is  closed  by  a  door  carrying  a  solid  resistor  or  electrodes,  be- 
tween which  an  indirect  arc  is  struck.  The  furnace  is  pivoted  at  the 
bottom  and  is  inclined  on  its  side,  resting  on  a  support,  as  shown  in 
figure  12.  The  furnace  is  then  rocked  or  rotated  to  wash  as  much 
as  possible  of  the  walls  with  the  metal. 

The  use  of  a  solid  resistor  supported  in  this  way  seems  hardly  prac- 
ticable, and  the  electrodes  for  an  indirect-arc  form  would  be  in  an 
inconvenient  and  cramped  position. 

HOSKINS  OVERHEAD-RESISTOR  TILTING  FURNACE. 

A  Hoskins  furnace  with  resistor  over  the  bath  was  tested  on  brass, 
two  tests  being  made  in  1913  and  1914  at  the  plant  of  the  Hoskins 
Manufacturing  Co.,  Detroit,  at  both  of  which  a  representative  of  the 

17  Thomson,  J.,  Personal  communication,  Apr.  30,  1920. 
1T»  Harvey,  L.  C,  U.  S.  Patent  1,337,839,  Apr.  20,  1920. 
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attt'lhhiiMv.       1'  11  it  In- 1    tests    wiMY    made   in 

eau  in  tlu'  Cornel]  laboratories  :it  the  bureau's  field 

1913    TEST. 

been  designed  for  melting  nickel-chromium  alloys 
I  ingular  iron  box  built  up  from  sheet  iron  and 


u 

1 
p 

e 

N 


high  ftnd  had  a  cover  30  by  3J  by  7 

lowing  the  pru> 

'•'  "'<■'■  'I.  for  about  l  |  inches, 

I  then  with  I  inches  of 

;    -''      '      ;  A  f^-lting  hearth  Lfl  inches  square  and  about  G 
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inches  deep  was  covered  smoothly  with  magnesite.  This  hearth  was 
provided  with  a  pouring  spout  also  lined  with  magnesite,  which 
led  into  a  lip  provided  on  the  furnace  shell.  This  spout  had  also 
to  serve  as  the  charging  door,  although  the  opening  was  only  about 
5  inches  in  diameter. 

Over  the  melting  hearth  the  sides  were  so  built  up  of  magnesite 
bricks  as  to  give  an  opening  about  15  inches  square.  Two  opposite 
sides  had  the  bricks  so  placed  as  to  form  ledges  for  the  support  of 
the  resistor.     This  resistor  consisted  of  some  60  flat  carbon  plates 


Figure  13. — Diagram  of  Hoskins  overhead-resistor  tilting  furnace :  a,  Carbon  resistor 
plate  ;  b,  graphite  front  plate  ;  c,  graphite  electrode  ;  d,  fire-sand  pocket ;  e,  infusorial 
«  arth  ;  f,  magnesite. 

2^  by  %  by  15  inches,  placed  side  by  side,  thus  giving  a  carbon  re- 
sistor 15  by  15  by  2|  inches  high  over  the  hearth. 

At  the  sides  graphite  "  push  blocks  "  were  provided,  by  means  of 
which,  as  they  were  crowded  in  or  loosened  by  the  screw-regulating 
device,  the  contact  resistance  of  the  plates  in  the  resistor  could  be 
altered  at  will. 

The  lower  surface  of  the  carbon  resistor  was  6  inches  from  the  bot- 
tom of  the  melting  hearth.  The  roof  or  cover,  which  could  be  lifted 
off  bodily  by  a  crane,  was  1  inch  above  the  upper  surface  of  the  carbon 
resistor  and  consisted,  next  to  the  resistor,  of  a  layer  of  carbon  slabs 
1£  inches  thick.  Above  the  carbon  slabs  was  3£  inches  of  fine  mag- 
nesite, and  above  this  infusorial  earth  U  indies  thick  at  the  edges  of 
the  cover  and  crowned  up  to  2-J  inches  or  3  inches  at  the  center. 


■   n;u     BBA8G    n  i;\  v  E    P  I  H   DICE. 


different  alloys  were  melted  in  the  furnace,  the  first  having 

innately  the  following  composition:  Cu,  B8.4  per  cent;  Sn,  7.3 

.  2.0  per  rent:  Zn.  fc.8  per  rent.    This  is  one  grade  of 

d  metal;  it  should  meh  at  about  985    C.  and  will  be  called 

"all    .    v.'"     The  other  alloy,  which  will  be  called  "alloy  B,"  had 

rimaftely  the  following  composition:  Cu,  7r>  per  cent:  Sn.  1 

:  Pb,  l  per  cent;  Zn,  22  per  cent.    This  alloy  is  about  mid- 

rctmary  red  and  yellow  brass  and   would  he  connner- 

llv  terne-d  a  "  half-yellow  half-red"  metal,  which  should  melt  in 

ghborhood  of  920    C. 

current   was  brought  in  at  220  to  240  volts  and  was  run 

h  transformers  giving  the  ratio  of  27J  volts  on  the  secondary 

volts  on  the   primary.     A  recording  watt-hour  meter  was 

.    which   was   connected   hack   of  the   transformer,  so   that 

motion  of  power  recorded  helow  includes  all  transformer 

1  tosses  as  well  a-  the  power  actually  used  in  the  furnace  itself. 

of  the  test  are  given  in  Table  24. 

24.     /.''/.?  test  ">i  Hosktns  overhead-resistor  furnace. 
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rn. 
ind  when  first  started  up  took  28]  volt-,  1,400 amperes,  about  40  kw. 


pounds  of  mem]  were  recovered,  the  loss  being 

It  appeared  from  thu  test  thai  i  higher  power  input 

ile,  that  the  hearth  should  !»<•  of  greater  capacity,  and 

should  be  enlarged    These  changes  were  made 
run  at  the  plan!  of  the  Hoskins  Manufacturing 

gain  present. 

1    TEST. 


urnarc  was  rebuilt  by  deepening  the  he.-uth.  so  that  instead 
•  ir  hut  6  uc  he-   from  the  bottom  of  the  resistor 

*as   j  from   them    in   the  center  and   6   indies  at 

"ill    1   mrhe-  deep  at   the  center. 

/  bole  -  :i-   Increased  in  sise  to  an 

-  into  the  furnace  was  tapered 
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back  so  that  all  parts  of  the  hearth  could  be  seen  and  could  be  reached 
easily  with  a  poker.  By  slightly  tilting  the  furnace  back  it  could 
be  readily  charged.  Instead  of  a  maximum  of  55  to  60  kw.,  which 
was  all  the  power  available  in  the  first  test,  up  to  85  or  90  kw.  could 
be  drawn. 

The  blades  were  supported  on  two  carborundum  (Refrax)  slabs 
2  inches  thick  by  4  inches  wide  by  16  inches  long,  so  laid  that  about 
1  inch  of  the  slab  extended  out  beyond  the  inner  wall  of  the  furnace. 
On  top  of  the  slabs  was  put  \  inch  of  magnesite  cement  to  reduce 
leakage  of  current  through  the  slabs.  The  damp  cement  was  cov- 
ered with  thin  strips  of  cardboard  to  prevent  the  blades  from  sinking 
into  the  magnesite  before  it  was  dry.  It  was  found  to  be  more  con- 
venient to  build  the  furnace  so  as  to  allow  a  2-inch  space  between 
the  top  of  the  resistor  blades  and  the  bottom  of  the  carbon  slabs  in 
the  cover  instead  of  the  1-inch  space  used  in  the  previous  test.  Tests 
on  red  and  yellow  brass  are  shown  in  Tables  25  and  26. 

Before  the  test  of  Table  25  the  furnace  was  heated  up  slowly  for  a 
short  time  till  the  melting  chamber  showed  a  dull  red,  in  order  to  dry 
out  the  new  hearth.  The  furnace  was  not  brought  up  to  full  running 
temperature  and  was  only  at  95°  C.  the  next  morning. 

Table  25. — 191-'i  test  of  Hoskins  overhead-resistor  furnace  on  red  brass. 

[An  alloy  of  83  per  cent  Cu,  7  per  cent  Zn,  4  per  cent  Sn,  and  6  per  cent  Pb  was  melted,  ingot  metal  being 

charged.] 


Heat  No. 

Power  on. 

Power  off. 

Weight 
of  charge. 

Pouring 
tempera- 
ture. 

Kw.  h. 
used. 

Average 
kw.  h. 
input. 

1 

7.13  a.m. 

9.50  a.m. 
fll.15  a.m. 
\12.17  p.m. 

1.15  p.  m. 

2.28  p.  m. 

3.45  p.  m. 

9.33  a.m. 
10.51  a.m. 
12.00  m. 

1.00  p.m. 

2.16  p.  m. 

3.24  p.  m. 

4.50  p.  m. 

Pounds. 
231* 
282 

}        300 

300 
300 
300 

°  C. 
1,200 
1,180 

1,200 

1,160 
1,200 
1,150 

163 
81 

63 

65 
49 
52 

70 

2 

82 

3 

63 

4 

5 

G 

65 
53 
45 

Total ! 

1,  713J 

a  473 

a  Average  555  kw.  h.  per  ton. 


Metal  losses  were  not  taken,  since  a  crack  developed  at  the  upper 
part  of  the  hearth,  through  which  considerable  metal  was  lost  into  the 
furnace  lining. 

The  test  on  yellow  brass,  given  in  Table  26,  was  made  the  next  day 
after  the  test  of  Table  25  and  started  with  the  furnace  chamber  at 
540°  C,  no  power  having  been  used  at  night.  Ingot  metal  of  66 
per  cent  copper,  33  per  cent  zinc,  and  1  per  cent  lead  was  melted. 


1  12  Kl.l  *   1  HI-  t   i:\  u  !.    PRACTICE, 

ttor    fumace    >>n    yellow    Itnisn. 


H»- 

Power  on. 

Power  oir. 

life!, 

Pouring 

tern] 

lure. 

Kw.  h. 
used. 

Average 

kw. 
input. 

..m.. 

..  in.. 
10.03  a.  in. 

•  .i.  in. 
U  90p.m. 

1.19  p.  in.. 
p.  in.. 
p.  111.  . 

i,  in., 
i.  in.. 

i  .i.  in. 

11   .'.1  a.  ill. 

L. 08  p.m.. 

p.m. 
8.06  p.  in. . 
4.03  p.  in.. 

Pounds. 
250.00 

*c. 

1,070 
1,060 
I  070 
1,060 
1,050 
1,060 
L  050 

100 

-.1 

44 

49 
35 
60 

H 
35 

60 

3 

4 

64 
57 
61 

■  ■ 

56 

60 

f 

73 
48 

TotAl 

2,014.25 

d421 

.rt  of  metal  charged  at  12.10  p.  in. 

tal  poured  weighed  just  a  ton,  the  loss  being  0.7  per  cent 

OO    individual   heats  from  0.6  to  0.8  per  cent.     The 

I  to  260  pounds  on  this  run  in  order  to  keep  the 

tal  level  below  the  crack  in  the  hearth  and  to  make  it  possible  to 

-  on  the  Loss  in  metal. 

«  »:.   ■    I  i.  i.  ts  the  time  occupied  in  pouring  was  excessive, 

ible  la  not  at  hand.    Without  this  delay  2,000  pounds 

l  pounds  oi  yellow  brass  could  have  been  incited 

i  9-hour  day.     This  would  have  made  it  possible  to  melt  red 

•hi  with  about  500  kw.  h.  per  ton  and  yellow 

IB  with  about   1""  kw.  h.  per  ton.     Had  the  hearth  been  tight,  so 

ound  chai  ellow  brass  could  have  been  made,  the 

tould  have  been  about  2,700  pounds  at  something  under 

kw.  b.  per  ton.     On  24-hour  operation  the  300-pound  furnace 

kw.  h.  per  ton  of  red  bras-  heated  to 
•  kw.  h.  per  ton  of  yellow  brass. 
which  waa  made  up  of  the  same  plate-  as  were  used 
in  I  arborundum  slabs,  and  all  parts  of  (he  fur- 

nace wen-  in  for  the  crack  in  the  hearth. 

D  furnace  capacity  and  in  power  input  had  made  the 

i<  it  than  it  was  in  the  L913  test.    Through 
the  H  Manufacturing  Co.  the  furnace  shell 

of  Mine    for  further  experiments, 
rundum  ledges  on  which  the  resistor  plates  rested 

•  runs,  the  lei  ive  double  from 

spallin:  u  ed   later  by  the  Hoskins  Manu- 

'  ting  i  ick<  I  chromium  alloys.    The  furnace  was 

chromium  al !  ow  bo\*    erkws  (his 

on  flaked  oil  from  the  i  >r  and  dropped  into 

.  but  greaJ  damage  on  uickel- 
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BUREAU  OF  MINES  TESTS  OF  HOSKINS  OVERHEAD-RESISTOR  FURNACE. 

Two  carbon  rafters  were  placed  over  the  hearth,  pure-white  alun- 
dum slabs,  the  most  refractory  grade,  -J  inch  thick,  were  put  over 
them  for  electrical  insulation,  and  carborundum  slabs  1  inch  thick 
were  placed  on  top  of  the  alundum.  If  the  resistor  plates,  which  ran 
at  above  1,800°  C,  were  put  directly  on  the  alundum,  the  alundum 
was  attacked  and  some  aluminum  carbide  and  nitride  was  formed. 

In  order  to  increase  the  voltage  required.  12-inch  resistor  plates 
were  used  instead  of  the  former  15-inch  plates.  A  run  was  made  on 
red  brass  of  81|  per  cent  copper,  8J  per  cent  zinc,  4  per  cent  tin,  6 
per  cent  lead,  made  up  of  about  40  per  cent  scrap  copper,  lead,  and 
tin,  40  per  cent  yellow  chips,  and  20  per  cent  gates.  The  furnace  was 
cold  at  the  start.  The  metal  was  poured  at  1,120°  C.  The  results 
of  the  test  are  given  in  Table  27. 

Table  27. — Test  of  Hoskins  overhead-resistor  furnace  made  ~by  the  Bureau  of 

Mines. 


Heat  No. 

Power  on. 

Power  off. 

Weight  of 
charge. 

Kw.  h. 
used. 

Average 
kw.  h. 
input.* 

1 

8.00  a.m.. 
11.00  a.  m. 
1.00p.m.. 
2.18p.m.. 
3.43  p.m.. 

10.52  a.m. 
12.19  p.  m. 
2.11  r>.  m.. 
3.38  p.m... 
4.58  p.m.. 

Pounds. 
300 
300 
300 
300 
300 

172 
68 
61 
66 
59 

60 

2 

52 

3«> 

58 

4 

51 

5 

47 

Total 

1,500 

c426 

FURNACE  AT  575°   C.  NEXT  MORNING;   NO  POWER  ON  OVERNIGHT. 


1 

8.00  a.m.. 
10.15  a.  m. 
11.48  a.m. 

9.57  a.  m.. 
11.35  a.  m. 
12.26  p.m. 

300 
300 
206 

113 

87 
38 

57 

2 

66 

3 

60 

Total 

806 

<*238 

a  With  the  furnace  hot  from  the  previous  day's  run,  the  first  two  heats  used  but  200  kw.  h.  and  took  3 
hours  and  35  minutes  against  240  kw.  h.  and  4  hours  and  19  minutes  when  starting  with  a  cold  furnace. 
Therefore,  on  regular  10-hour  operation  the  power  consumption  would  drop  40  kw .  h.  on  the  first  two 
heats,  and  40  kw.  h.  could  be  used  on  a  200-pound  heat  at  the  end,  so  that  the  output  would  be  1,700  pounds 
with  425  kw.  h.,  or  500  kw.  h.  per  ton. 

b  Charge  in,  no  power  on  at  12.24  p.  m. 

e  Average,  520  kw.  h.  per  ton. 

d  Average,  580  kw.  h.  per  ton. 

These  energy  figures  check  those  calculated  from  the  previous  run 
on  red  brass.  A  higher  power  input  was  used  on  the  previous  run, 
which  would  give  a  higher  efficiency,  other  things  being  equal,  but 
the  metal  was  not  heated  as  hot  as  in  the  previous  run.  Other  tests 
gave  similar  results  to  the  one  above  cited.  Notwithstanding  that 
the  borings  were  oily  and  the  gates  and  scrap  somewhat  dirty,  the 
gross  metal  loss  on  these  runs  was  1.9  per  cent. 

The  figures  of  consumption  of  power  and  of  the  metal  loss  are  low 
enough  on  this  type  of  furnace  to  make  it  a  possible  competitor  of 
fuel-fired  furnaces,  as  crucibles  are  eliminated.     But  the  furnace  has 


iwbtolm    The  resistor  will  require  replacement  from  time 

i  without  allowing  the  furnace  to  cool  would 

ult     In  the  small  800-pound  size  only  a  small  charging  door 

thai  much  Labor  is  required  to  charge  the  fur- 

tpacity  is  increased  the  mechanical  difficulties  in 

supi  •  the  resistor  increase,  so  that  a  self-supporting  resistor 

;     anson  type — it'  that  proves  practical— would  be  preferable 

d  at  the  sacrifice  of  the  many  advantages  of 

a  resistor  whose  resistance  ran  be  adjusted. 

overhead-resistor  furnace  with  a  resistor  nearly  as  large  as 

•  the  hearth,  worked  satisfactorily  on  300-pound  charges 

.       rtss,  showed  no  signs  of  surface  overheating,  and  re- 

qniri  agitation  of  the  metal  to  prevent  zinc  losses.    The  ques- 

•   uniformity  of  product  was  not  studied.    The  agitation  in 

furnace   may   be   needed   because  of  the   small   radi- 

of  the  resistor,  which  <:ivcs  a  more  localized  source  of 

1     If      question  how  much  effective  stirring  a  slight  gyrating 

will  give-     If  it  mixes  the  metal,  it  might  be  a  desirable 

,,ii  a  large  furnace  with  a  rather  deep  bath  in  which  gravity 

the  alloy  to  be  richer  in  heavier  constituents  at  the  bottom 

the  crucible. 

HOSKINS    TILTING    FURNACE    WITH    RESISTORS    AT    THE    SIDES. 

After  the   Hoekine  Manufacturing  Co.  found  that  the  overhead 
ould  slowly  disintegrate  and  allow  carbon  powder  to  drop 
ath.  thus  ruining  their  nickel-chromium  alloys,  another 
farnai  built   in  which  the  hearth  was  placed  between 

two  rows  of  resistor  blades  set  upright  on  two  sides  of 
mrborundum  slab  about  1  inch  thick  and  4  inches 
DUtside  and   1    inch  away   from  each  row  of  re- 
,n  the  carborundum  bricks  on  which  the  re- 
nted.    The  purpose  was  to  form  a  pocket  to  catch  any 
thai   !'•  0  <>tl  tie-  resistors  and  prevent  it  from  dropping 
This  furnace  was  never  tried  for  brass,  and  little  work 
,  I  chromium  alloys,  as  an  induction  furnace 
ttention  was  diverted  to  that  type.    Some  diffi- 
•  I  in  maintaining  the  refractories  back  of  the 
»f. 

WITH  CARBORUNDUM  RESISTORS. 

mdum  or  crystolon)  be  the  only  refractory 

o     i  \  ailable  in  commercial  quanl  [ties 
(  ..  is  not  affected  by  .\  reducing 

.idi/ed  \(i'\   Blowly.      It  can 

itv  at  around  2,000*  (  . 
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is  of  the  same  general  order  as  that  of  a  granular  carbon  resistor. 
It  has  been  often  suggested  as  a  resistor  material  for  electric  furnaces. 

Unlike  carbon,  when  cold  the  resistance  of  silicon  carbide  is  very 
high  and  the  slope  of  its  temperature-resistivity  curve  is  great.  It  is 
therefore  necessary  either  to  impress  a  very  high  voltage  on  the  re- 
sistor when  starting  from  the  cold  or  to  preheat  the  carborundum  to 
a  red  heat,  when  it  will  begin  to  carry  current  at  a  reasonable  voltage. 

Both  the  General  Electric  Co.  and  the  Westinghouse  Co.  have  ex- 
perimented with  carborundum  resistors,  and  Thornton18  has  de- 
scribed such  a  resistor  for  use  in  electric  furnaces  for  heating  steel, 
for  forging,  heat  treatment,  and  annealing.  He  says  that  it  might  be 
possible  to  apply  such  a  furnace  to  the  melting  of  brass  and  copper. 

When  a  carborundum  trough  is  used,  as  in  the  Baily  furnaces,  to 
contain  a  resistor  of  granular  carbon,  it  carries  current  and  becomes, 
in  effect,  a  part  of  the  resistor.  In  designing  an  electric  furnace  in 
which  carborundum  is  to  be  used  as  a  refractory  lining  it  is  necessary 
that  suitable  insulation,  such  as  alundum,  should  be  used  where  hot 
carborundum  would  allow  a  flow  of  current  at  points  where  such 
flow  is  not  desired. 

EXPERIMENTAL  CARBORUNDUM  RESISTOR  FURNACE. 

The  work  of  the  Bureau  of  Mines  on  the  triple  lift-out  Hoskins- 
type  furnace  showed  the  advantages  of  generating  heat  within  the 
mass  to  be  heated  instead  of  outside  it.  As  a  result  it  seemed  probable 
that  if  a  furnace  could  be  made  in  which  the  metal  was  contained  in 
two  hearths,  with  a  resistor  between  them  and  in  contact  with  the 
metal  in  both  hearths,  it  would  be  thermally  efficient.  Obviously 
such  a  resistor  made  as  a  septum  between  two  hearths  should  be  metal 
tight,  and  hence  should  be  built  permanently  into  the  masonry  of  the 
furnace ;  it  could  not  be  made  of  any  short-lived  material.  It  should 
have  a  high  specific  resistance,  as  its  cross  section  must  be  large  com- 
pared to  its  length.  Fine  carborundum  powder,  mixed  with  10  per 
cent  of  alundum  cement  to  increase  the  resistance  of  the  mixture, 
bonded  with  a  little  dextrin,  was  tried  as  a  resistor  material. 

The  furnace  was  made  of  an  old  cast-iron  sink  lined  with  fire 
brick,  to  give  a  chamber  about  9  by  22  by  9  inches.  This  was  di- 
vided into  two  hearths  9  by  9  by  9  inches  by  a  central  septum  4 
inches  thick,  which  was  built  as  follows:  Two  split  carborundum 
brick  (Eefrax)  9  by  4 J  by  4 J  inches  were  set  up  1|  inches  apart 
and  cemented  in  place  by  alundum  cement.  The  space  between  thorn 
was  rammed  full  of  the  dampened  carborundum,  alundum,  dextrin 

"Thornton,  F.,  jr.,  A  resistance  furnace:  Trans.  Am.  Eteetroehem,  Soc,  vol.  :V2,  1017, 
p.  ill  :  see  also  Thornton,  P.,  jr.,  and  Colby,  O.  A.,  U.  S.  Patents  1,306,289,  1,306,260, 

and  1,306,251,  June  10,   1919. 


H    PRACmCB. 

tk<  i.    Two  other  split  carborundum  brick 

on  top  of  the  others,  cemented  into  place,  and 

n  them  was  rammed  full  of  alundum  cement,  which 

wa6  1 1 1 

.  contained  two  hearths,  each  a  9-inch  cube,  sepa- 

im  i  inches  thick,  the  upper  half  of  which  had  a 

ng  alundum  Layer  inside  it  and  bo  could  not  ad  as  a 

resistor.  I  i  ball  was  solid  carborundum  on  the  sides  and 

I  little  alundum  tamped  in  the  center.    Graphite 

vertically    into  each   hearth,   so   that    with  the 

i ■';.  to  carry  current  and  the4  hearths  half  full  of 

tal   the  current    would  enter  one  electrode,   pass  through 

tal  in  one  hearth,  through  the  resistor,  out  into  the  metal  in 

i  thence  out  the  other  electrode. 

A.  Y  spout  h  hearth  to  a  central  pouring  spout  and 

I   to  tilt    for  pouring.     The   resistor  was 

ranular  carbon  in  each  hearth  and  bridging  over 

septum  with  a  graphite  U.  one  leg  of  which  reached  down  into 

ch  side,     Current  was  turned  on  and  the 
fur  •    ied  up  by  \  inular  carbon.     After  the  septum  (the 

arry  current  the  graphite  U  was  pulled 
nular  r   dumped   out,   and    brass   borings    were 

•  I'tii  to  make  connection  between  electrodes  and 

k  2,000  amperes  at  about  6  volts;  that  is, 
The  power  input  could  not  be  raised,  as  2,000  am- 

•  f  the  power  supply.     Most  of  the  furnace  lining 
was  atill  i  the  power  input  was  only  adequate  to 

a  borings  and  to  stick  them  together  near  the 

oled,  the  brass  taken  out,  and  a  test  made  with 
alu:  obvious  th.it   2,000  amperes  would  not  give 

ted  with  the  graphite  U  in  place  and  with 

.  h.  being  thus  used.    The  U 

•  t  wa    pas  ed  through  the  granular 

'  aJi  the  i  trnace  more ;  L0J  kw.  h.  were  thus 

preheat.    The  granular  resistor  carbon 

got  Of  92  per  cent  aluminum 
i  ipidly  BS  the   furnace   would 

the  aluminum  alloy  had  been 

kw.  h.  were  used  in  melt- 

From  the  cold  start 

•      flowing,  in  ahont 

i  and  ran   vcrv 

leelectrodi 
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but  the  kw.  h.  of  figures  include  also  all  lead  losses.  Probably  half 
of  the  voltage  drop  was  due  to  the  resistance  of  the  molten  alumi- 
num. 

Considering  the  small  size  and  the  low  power  input  of  the  furnace 
and  the  absence  of  a  roof,  the  hearths  being  left  open  to  the  air  to 
permit  of  observation,  the  power  consumption  alone  was  not  un- 
promising ;  the  high  current  required,  however,  made  the  furnace  use- 
less, and  it  was  torn  down.  The  carborundum  in  the  center  of  the 
resistor  had  formed  into  larger  crystals  and  had  begun  to  decompose 
into  silicon  and  graphite,  showing  that  in  the  center  of  a  4-inch  re- 
sistor, both  sides  of  which  were  in  contact  with  metal  at  not  over 
720°  C,  a  temperature  of  over  2,200°  C.  had  been  reached. 

For  any  such  design  to  be  of  value  some  resistor  material  or  mix- 
ture of  materials  of  high  resistance,  of  high  melting  point,  and  of 
high  thermal  conductivity  is  required. 

Tungsten  powder  might  make  a  good  material  for  such  a  resistor, 
as  it  melts  at  about  3,000°  C.  and  has  a  high  thermal  conductivity; 
but  its  electrical  resistance  is  too  low  and  it  would  have  to  be  mixed 
with  some  refractory  nonconductor.  Chemically  pure  zirconia  might 
serve  for  this  purpose,  as  most  chemically  pure  metallic  oxides  are 
nonconductors  at  high  temperatures,  and  pure  zirconia  is  said  to  melt 
only  at  about  2,600°  C.  Zirconia.  however,  has  a  low  thermal  con- 
ductivity. The  cost  of  these  materials  makes  any  attempt  at  work- 
ing out  this  plan  for  a  brass  furnace  out  of  the  question  at  present. 

It  was  found  later  that  Massip 19  had  suggested  a  similar  type  of 
furnace,  but  no  data  are  available  concerning  it.  Two  brass  furnaces 
using  carborundum  resistors  have  been  described  in  the  patent  litera- 
ture. 

WEIDENTHAL    FURNACE. 

TVeidenthal 20  describes  a  cylindrical  tilting  furnace  for  melting 
brass,  bronze,  and  aluminum,  the  axis  of  the  cylinder  being  vertical. 
The  hearth  is  in  the  bottom  of  the  furnace,  and  three  groups  of  verti- 
cal-rod resistors  for  three-phase  current  are  set  upright  around  the 
inside  of  the  furnace  chamber,  above  the  hearth.  An  arched  roof  re- 
flects the  heat  downward  upon  the  bath.  The  resistor  rods  are  made 
of  carborundum  fire  sand  suitably  bonded,  with  an  outer  coat  of  pure 
carborundum.  When  cold,  carborundum  is  practically  a  noncon- 
ductor of  electricity,  but  when  raised  to  a  white  heat  it  conducts  the 
current  nearly  as  well  as  carbon ;  it  is  necessary  as  a  result  to  provide 
some  means  for  heating  the  resistors  when  starting  from  the  cold. 
At  least  one  resistor  in  each  phase  is  made  hollow  and  is  filled  with 

"MaMlp,  O.,  T".  S.  Patent  1,005.72.".,  Oct.  l<>.  Mil. 
2°W<-i<l.nthal,  II.  G„  U.  S.  Patent  1,804*435,  May  20,  1919. 
68723°— 22 9 
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stor  that  carries  the  starting  current.    As  the 
»me  heated  by  the  radiation  from  the  cored 
the)  also  begin  to  carry  current  and  finally  all  be- 
rry current 

-tan«l  upon  a  ring-shaped  carbon  or  graphite  elec- 
led  in  the  bottom  of  the  furnace.    The  upper  ends  of  the 

[  out  of  the  Pool  of  the  furnace  and  arc  there  clamped 
(  >n  account  o\'  the  liability  of  such  a  resistor  to 
[inactions  baa  been  designed  to  allow  the  ready 
rei  >r  rod  that  has  failed. 

h«i\v  particles  of  resistor,  of  refractory  lining,  or  of 

to  hf  kept  from  falling  down  on  the  lower  electrode  when 

a  ruined  resist.  »i  rod  ifi  withdrawn  for  replacement,  nor  is  it  plain  how 

he  idea  red  away  before  inserting  a  new  resistor. 
Mich  particles  would  prevent  proper  contact  between 
and  resistor.     If  any  tests  have  been  made  on  this  fur- 
na<v  in.  •  have  been  made  public. 

the  uniform  molding  of  a  molded  resistor,  such 

carborundum,  which  have  negative  tempera- 

tun  -ii\  it y.  ifi  involved  in  such  ;i  resistor.    Unless 

the  old  **  hot-spot"  trouble  will  be  encountered. 

furnace  walls.  against  which  the  resistors  are  placed,  would 

mely  refractory  to  stand  up  under-  the  resistor  tern* 

lired  to  melt   brass  in  such  a    furnace  with  reasonable 

U  the  use  of  carborundum  plus  a  small  amount  of 

metallic  silicon    ((J   per  cent),   with   or  without  a   smaller 

of  powdered  metals  of  the  iron  or  silicon 

1  ifi   bonded   with   a   temporary    binder,  such   as 

om\  pr<  — cd  into  shape,  and  baked.     The  silicon  i>  said  to 

re  isting    coating    on    the    outside    and    to    give 

.1  conductivity  to  the  ma--  to  allow  ready  starting 

h  a  resistor  is  said  to  be  capable  of  operating 

temperature  of  1,500    C. 

MCHSEN    FURNACE. 

•  Iting  brase  furnace  In  which  the  metal  is 

hallow  hearth,  heating  being  done  by  one  or 

.in  rod  resistors  over  the  metal    Above  the 

f  he   floor  of  which    form-  a    false 

loped  so  that  the  preheated 

■  •  in  down  if  it  melts)  into  the  hearth 

0<  the  floor. 


1910. 

■  l.-l'h-t.    A.  M. 
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The  resistors  are  placed  on  each  side  of  the  space  below  this  open- 
ing, but  not  directly,  beneath  it,  to  avoid  breakage.  The  preheating 
chamber  is  roofed  over  and  the  furnace  is  charged  through  the  roof, 
or  the  preheating  chamber  may  be  omitted  when  the  roof  over  the 
resistors  is  the  roof  of  the  furnace.  In  that  case  charging  may  be 
cione  either  through  the  center  of  the  roof,  the  resistor  rods  being 
arranged  as  before,  or  the  resistors  may  be  placed  all  along  the 
furnace  and  the  charge  introduced  from  the  side,  below  the  resistors. 

The  resistors  are  to  extend  clear  through  the  furnace  and  are  to 
be  freely  movable  to  allow  expansion  and  contraction  without 
breaking. 

On  account  of  the  complicated  construction  in  the  hot  zone  and  the 
many  difficulties  connected  with  the  use  of  carborundum  resistors  the 
value  of  this  furnace  seems  doubtful. 

DIRZUWEIT    FURNACE. 

Some  years  ago  a  brass  furnace  of  the  tapping-hearth  type  of 
800  pounds  capacity  was  erected  at  the  plant  of  the  Baltimore  Tube 
Co.  by  J.  F.  Dirzuweit.  This  was  provided  with  three  arched 
troughs  for  three-phase  current,  raised  above  the  hearth  on  refrac- 
tory piers  and  containing  granular  carbon  resistors.  Great  trouble 
was  encountered  with  "  hot  spots  "  in  the  resistor,  and  the  furnace 
showed  an  excessive  power  consumption.  After  about  2  tons  of  metal 
had  been  melted  the  furnace  was  abandoned. 

BAILY    TILTING    FURNACE. 

Of  all  the  furnaces  so  far  described  in  this  report  many  have  ex- 
isted only  on  paper,  a  few  have  had  laboratory  tests,  still  fewer  have 
been  tried  out  under  foundry  conditions,  and  not  one  has  yet  had 
any  steady  commercial  use  for  brass  melting.  The  next  furnace  on 
the  list,  the  Baily.23  has  had  commercial  success.  The  present  Baily 
tilting  furnace  is  the  outgrowth  of  the  unsuccessful  experiments 
made  with  the  different  types  of  former  Baily  furnaces  previously 
described. 

This  Baily  furnace,  like  its  predecessors,  uses  a  granular  resistor. 
Hirsch 24  made  an  exhaustive  study  of  granular  resistors  and  came  to 
the  conclusion  that  any  attempt  to  make  a  granular-resistor  furnace 
for  heating  steel  for  forging,  with  the  steel  placed  above  the  re- 
sistor, would  fail  if  the  steel  had  to  be  heated  above  1.000°  C.  The 
lower  part  of  the  resistor  became  so  hot  that  failure  of  the  silicon- 


28  Bally,  T.  F.,  and  Cope.  F.  T.,  U.  S.  Patents  1.176.018.  Mar.  21.  1010,  and  1.272.186, 
July  9,  1918;  Baily,  T.  F.,  Resistance-type  furnaces  for  melting  nonferrous  metals: 
Chpm.  and  Met.  Eng.,  vol.  21.  1019.  p.  11  ;  Anonymous.  Note  on  operation  of  electric 
furnaces:  Bee.  World,  vol.  71.  1018,  p.  780. 

1  Hirsch,  A.,  Electric  furnaces  for  heating  steel:  Jour.  Ind.  Eng.  Chem.,  vol.  6,  1914, 
p.  533. 


\  —    !  H  PRACTICE. 


induro)   resistor  trough  ensued.    Thornton**  made 

.  found  a  temperature  of  2,000c  ('.  in  the  bottom 

]•  when  the  steel  was  heated  to  IflOO    ('..  and  decided 

-  the  upper  limit  to  which  steel  could  be  heated  in 

i  ith  sal  'tv  to  the  granular  resistor.    He  shows  how 

heal  From  the  open  top  oi  the  resistor  trough  forces 

in  the  button  oi  the  trough*    Dow  **  rag- 

i:^t>  that  tli»  30  arranged  with  respect  to  the  iron  that 

t  up  would  tend  to  bring  the  current  to  the  top 

the  use  of  the  zigzag  trapezoidal  re- 

previously  described    (p.   L04)   in  the  bottom  of  the  heating 

tli  the  wider  side  down,  to  avoid  concentration  of  current 

in   •  ttom   of   the   trough   and   consequent    overheating  of   it. 

Dular  r  is  piled  over  the  zigzag  resistor  and  helps  to  pre- 


ke  14. — Thomson'^  kukri  ug  the  life  of  resistors  in  a  reflected-heat 

fum. 

ttion.    Two  adaptations  of  this  design  arc  illus- 
retically,  this  device  should  allow  the  use 
•    power  input  without  damage  to  the  trough, 
reby  improve  the  efficiency  of  the  furnace.    Whether 
I  improvement  can  only  be  told  by  trial. 
105-kilowati   Baily  furnace,  Plate  VI.  .1.  is  an  up- 
high  by  7  inches  in  diameter,  mounted 

tilting  type  is  made  also)   and  consists  of 

ire  surmounted  by  i  domed  roof,  which 

el  and  gearing  to  allow  charging  fresh 

res.  the  hearth  in  the  bottom.    A  charging 

provided  on  the  side",  and  in 
the  pouring  spout.    The  source  of 

m     Soc.,    vol.    .TJ. 

■  D 
"Thommov 
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BULLETIN    202      PLATE    VI 


A.   STANDARD   105-KW.  BAILY   FURNACE. 


B.    TRUNNION-TYPE   105-KW.   BAILY    FURNACE. 


• 


BULLETIN    202      PLATE    VII 


NOSE.-TILTIN  1GS-KW.   BAILY   FURNACE. 
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heat  is  in  a  circular  resistor  trough,  placed  about  midway  between 
roof  and  hearth.  Carbon  electrodes  enter  the  resistor  trough  from 
two  sides  of  the  furnace,  the  single-phase  current  thus  dividing  and 
passing  through  both  sides  of  the  circle  in  parallel.  (See  fig.  15.) 
The  electrodes  are  large,  so  that  the  density  of  the  current  is  low, 
and  do  not  heat  up  enough  to  require  water  cooling.  They  are  led 
in  through  a  packing  of  carborundum  fire  sand  to  prevent  an  access 
of  air  to  the  electrode  at 
any  point  where  they  may 
become  hot  enough  to  oxi- 
dize. The  electrodes  are 
stationary,  being  built  into 
the  refractory  wall,  and  re- 
quire no  adjustment  when 
the  furnace  is  running. 
They  are  usually  replaced 
whenever  the  resistor 
trough   is  renewed. 

The  fundamental  point 
that  makes  possible  the  use 
of  a  granular  resistor  in 
the  standard  Baily  furnace 
is  the  recognition  of  this 
crowding  of  the  current  to 
the  bottom  of  the  trough 
and  arranging  the  trough 
to  allow  free  radiation 
from  bottom  and  sides  of 
the.  trough  as  well  as  the 
top.  The  trough  is  raised 
off  the  furnace  bottom  by 
refractory  piers.  A  free 
space  is  provided  outside 
the  trough  between  it  and  the  furnace  wall.  Fairly  free  radiation  is 
thus  provided  from  all  sides  of  the  circular  trough  (see  PI.  VI,  A), 
although  much  of  the  radiation  must  be  reflected  by  walls  and  roof 
before  it  can  reach  the  hearth  which  lies  below  the  resistor  in  the 
bottom  of  the  furnace  chamber.  The  Baily  resistor  has  a  radiating 
surface  of  more  than  4(>  square  feet.  Now  a  granular  resistor  must 
have  a  fairly  generous  cross  section;  approximately  G  inches  high  by  8 
inches  wide  for  the  inside  dimensions  of  the  trough  are  common 
dimensions,  and  with  2-inch  walls  the  whole  trough  is  about  a  foot 
wide.  The  resistor  thus  occupies  a  good  deal  of  space,  and  as  care  is 
taken  to  allow  free  space  outside  the  resistor  (he  whole  furnace  be- 
comes Yvvy  large  for  the  metal  charge  used  in  it,  which  in  different 


I'k.ihi:  15. — Flan  of  electrodes  and  resistor  trough 
of  Baily  furnace. 
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plants  varies  from  800 
U)  I.nhi  pounds,  with  an 
average  of  perhaps  1,200 
pounds.  The  large 
amount  of  waste  space 
within  the  furnace  and 
the  great  wall  volume 
'Hid  shell  surface  all  tend 
toward  lowering  the 
thermal  efficiency.  The 
furnace  also  has  a  huge 
heat  storage  in  the  walls. 
These  d  r  a  w  b  a  c  k  s  are 
necessary  evils,  accepted 
in  order  to  protect  the 
resistor  by  allowing  it 
free  radiation.  As  a 
further  precaution 
against  overheating  of 
the  resistor,  the  power 
input  of  the  1,000  to 
1,500  pound  furnace  is 
held  very  low,  the  rated 
capacity  of  the  trans- 
former supplied  with  the 
furnace  being  only  105 
kw.  The  layout  of  trans- 
former,  switchboard,  and 
furnace  is  shown  in  fig- 
ure 16. 

Baily28  has  written 
a  paper  describing  this 
furnace,  in  the  discus- 
sion of  which  paper 
Richards**  points  out 
that  the  figures  given, 
calculated  at  a  90-kw. 
input,  reach  an  effi- 
ciency of  64  per  cent, 
not  counting  the  power 

I  at  night  when  melt- 
ing on   a    10-hour   basis, 

■    lifiijy,      T.       I'..     l:<    M.inn-- 

type,  furnace  tor  melting  braei, 

Am.     Kl'-f  t  r<><  !h  in.     Sue, 

L017,  p.    I 

ai< !.  ••!     j.    u\.    i>i   n 

rk  cited,  i».  nil. 
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and  a  production  on  the  best  day's  run  given  of  5,345  pounds  of 
metal;  but  at  a  power  input  of  120  kw.  the  efficiency  would  be  74 
per  cent  and  the  production  would  be  7,665  pounds.  The  Baily 
furnace  is  not  supplied  with  a  larger  transformer  and  is  not  often 
run  at  a  higher,  more  efficient  power  input,  because  the  life  of  the 
resistor  would  be  endangered  and  the  reliability  of  the  furnace 
would  be  decreased.  It  is  very  important  that  the  furnace  should 
not  be  overheated  on  account  of  the  consequent  injury  to  the  re- 
sistor, as  well  as  to  the  roof  and  walls,  which  have  to  reflect  back 
so  much  of  the  radiant  energy;  Baily  brass  furnaces  therefore  are 
often  equipped  with  a  pyrometer  in  the  roof,  and  the  operator  is 
rigidly  instructed  to  reduce  the  power  input  when  the  roof  reaches 
a  certain  temperature.  The  actual  temperature  depends  on  the 
location  of  the  pyrometer.  It  may  be  placed  through  the  roof  to 
register  the  temperature  of  the  chamber  itself,  or  it  may  be  em- 
bedded in  the  roof,  where  it  will  register  a  lower  temperature.  The 
furnaces  are  run  at  a  temperature  of  2,500°  to  2,600°  F.  (1,375°  to 
1,430°  C.)  in  the  top  of  the  chamber  when  the  charge  is  ooured  at 
2,000°  to  2,100°  F.  (1,100°  to  1,150°  C). 

It  can  readily  be  seen  that  the  large  mass  of  brickwork  gives  a 
large  heat  storage  and  that  the  roof,  walls,  and  resistor,  being  500°  F. 
(280°  C.)  hotter  than  the  metal  at  the  end  of  the  heat,  can  continue 
the  heating  of  the  metal  long  after  the  power  is  cut  off.  Miller30 
states  that  it  takes  something  like  15  minutes  before  the  furnace  be- 
gins to  respond  to  a  change  in  power  input.  The  stored  heat  is  so 
great  that  after  running  at  full  tilt  all  day  the  power  can  be  cut 
down  very  low  on  the  last  heat  of  the  clay,  the  stored  heat  doing 
most  of  the  work.  This  means  that  when  the  furnace  is  used  on 
yellow  brass,  especially  in  rolling-mill  work,  where  the  metal  must 
be  poured  nearly  at  its  boiling  point,  if  a  delay  occurs  and  the  metal 
must  be  held  in  the  furnace,  the  power  must  be  at  once  cut  off  and 
scrap  or  gates  added  to  the  charge  in  order  to  keep  the  stored  heat 
from  heating  the  metal  altogether  too  hot.  One  plant,  operating 
on  70:30  brass  poured  at  an  average  of  1.875°  F.  (1.025°  C.),  states 
that  the  first  200-pound  ladle  poured  from  an  800-pound  heat  aver- 
ages 1.010°  C.  (1,850°  F.)  and  the  last  1,040°  C.  (1.900°  F.)  or 
higher. 

Bailv  states31  that  his  furnaces  "have  an  immense  heat  storage 
capacity  in  their  refractory  walls."  It  takes  a  good  deal  of  energy 
to  bring  one  of  these  furnaces  to  operating  temperature.     In  a  10- 

"  Miliar,  D.  P.,  The  olootrir  furnace  as  a  medium  for  beating  nonferrous  metals:  Jour. 
Am.  Inst.  Ifetals,  vol.  11,   1917,  i>.  285;  sec  also  Benalnger,  H.  v.,  Ar>>  single-phase  fur- 
nace loads  profitable  for  the  central  station?    The  Electric  Furnace,  vol.  1.  1920,  No,  .". 
p.  12. 

n  Baily,  T.  P.,  The  resistance-type  electric  furnace:  The  Electric  Furnace,  v.«i.  1.  No. 
2,  February,  1920,  p.   15. 
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hour  operation  the  firsl  L6  bona  of  yellow  brass  melted  in  the  Bairy 

fur:  led  at  the  plant  <>f  White  ,<:  Bpoi  averaged  ss<>  kw.  h. 

per  ton,  including  the  power  used  in  preheating  the  furnace.    The 

slii£*rishness  of  the  furnace  means  that  it  heats  up  slowly,  as  well 

8  slowly,  and  after  cooling  l  I  hours  it  would  take  so  long 

;  to  fuli  running  temperature  that  production  in  a   10-hour 

iv  would  1m  very  low.     Hence  it  is  regular  practice  to  have 

.  n   throw    the  power  on  the   furnace  about   8  a.  m. 

the  furnace  ready  to  melt  at  6.30  a.  m.    The  power 

used  at  night  ha-  to  he  paid   for  as  well  as  that  used  while  metal   is 

in  the   fu-  'hat    no  figures  of   power  consumption    for  this 

fun  my  furnace  of  a  type  that  requires  night  heatirig 

without   also  stating  whether  the  ni^ht  power  is 

It    follows  that    the    furnace,   though   seldom   so   used    in   practice, 
24  hour  operation  and  is  under  a  decided  handicap 
when  i  shifts. 

Beside  tl       •   ndard    106  kw.   tilting   furnace    (see  PI.  VI,  B) 

trunnions      th«'   type  BO    far   installed    by   most    users — a 

noee-tiltii  1*1.  VII)  of  the  same  size  has  been  designed  for 

-.  ..nc  of  which  has  been  installed  at  the 

Yard,  and  a  300-kw.  size  has  been  designed.  but  no 

i    ,  te.    A  L05-kw.  "nose  tilter"  has  been 

.  Ltd..  <»f  England. 

mounted,  tilting  type  of    Baily    furnace  of 

mown  at  the  right  in  Plate  VII  J.  was  put  on  the 

I  held  up  t<>  500  pounds  maximum,  having  a 

.••11  and  a  long  ova]  hearth.    Tt  was  heated  by  a  single 

ou<rh    located    directly   over   the   hath,   supported 
»t  r  \    few  fumaci  J  of  this  type  were  installed,  hut  the  life 

of  tin-  re.-  -hort  that  its  000  Was   found  impractical 

ni  the  market,  a   round.  50-kw.,  500-pound 

fun  rn  as  the  105-kw.  size  being  supplied 

instead,  much    wall    area    as   the    L06-W. 

idiation   will   he  nearly  as  great,  and  the  lost 

"portion    of   the   ."><)    kw.   supplied.     The 

.  may  be  expected  to  he  very  low. 

•  on  brass  are  3  el  available;  hut  the 

of   this  type  of    furnace   may   he 

»e»  ■  tninum  (  No.  p_>  alloy  )  :  The  L05-kw. 

\   Laboratories  ( '0.,  on    125  pound 
ted,  btri  apparently  about 
hour  preheat— gave  an  output  of  about 
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1\  tons  per  day  at  675  to  625  kw.  h.  per  ton.  The  50-kw.  rectangular 
size  at  the  plant  of  Landers,  Ferry  &  Clark,  on  150-pound  heats,  9 
hours  actual  melting,  4  hours  preheat,  gave  an  output  of  ^  ton  per  day 
at  850  kw.  h.  per  ton.    The  net  metal  loss  is  given  as  0.7  per  cent. 

Since  the  105-kw.  size  runs  at  around  600  kw.  h.  per  ton  of  brass 
on  a  9-hour  melting  day,  it  would  be  expected  by  analogy  with  the 
results  given  above  on  aluminum  that  the  50-kw.  size,  working  on 
brass,  with  a  9-hour  melting  day,  would  require  around  750  kw.  h. 
per  ton. 

Cme  plant,  melting  red  brass  in  the  rectangular  50-kw.  Baily 
furnace,  on  a  7-hour  working  schedule,  the  furnace  being  preheated 
at  night,  averaged  three  heats  of  525  pounds,  or  about  f  ton  per 
day.  at  a  total  power  consumption  of  730  kw.  h.,  i.  e.,  about  900  kw. 
h.  per  ton.  The  gross  metal  loss  is  given  as  1  per  cent  and  the  life 
of  the  resistor  trough  as  only  100  heats. 

The  Baily  furnace  is  also  built  in  a  stationary  tapping  type,  with 
a  hearth  lying  between  two  straight  resistor  troughs.  One  furnace 
of  500-kw.  rating  has  been  in  use  on  aluminum,  and  one  of 
1,000  kw.  has  been  used  in  melting  down  electrolytic  zinc 
cathodes.  A  600-kw.  furnace  of  this  type  for  brass  has  been 
designed,  but  none  yet  installed.  All  these  furnaces  are  supplied 
with  energy  through  a  variable-voltage  transformer  having  a  num- 
ber of  taps  on  the  secondary,  to  which  connection  is  made  by  an  oil 
switch  operated  by  hand.  Lehr  32  has  patented  a  system  by  which 
the  regulation  of  such  a  furnace  may  be  made  automatic.  Short S3 
describes  an  automatic  control  as  supplied  by  the  Westinghouse  Co. 
to  40  furnaces,  each  of  1,100  kv.  a.,  for  zinc  smelting  in  Norway. 
(These  are  not  Baily  furnaces.)  Hand  control  of  the  Baily  furnace 
is  simple,  and  it  is  doubtful  if  the  application  of  an  expensive  auto- 
matic control  system  to  the  105-kw.  size  would  normally  be  justified. 

METALLURGICAL  RESULTS  IN  THE  BAILY  FURNACE. 

METAL   LOSSES. 

Baily34  cites  some  tests  on  yellow  brass  (68  per  cent  Cu,  82  per 
cent  Zn)  made  up  of  half  scrap,  half  new  metals,  in  which  the  net 
metal  loss,  taken  by  weighing  the  charge,  deducting  the  nonmetallic 
in  the  charge,  and  weighing  the  product,  was  1.89  per  cent  when 
the  zinc  was  added  with  the  rest  of  the  charge  at  the  start  of  the 
heat  and  0.56  per  cent  when  it  was  added  at  the  end  in  the  usual  way. 


i  •  (hi .  I.  .  i  .  s    Patent  1,320,071,  Oct,  23,  1919, 
m  Short.  P.  iv.  Step-Induction  regulator  for  electric  furnaces:  Trans.  Am.  i:      ;  ochem. 
Sor.,  vol.  .".7.  1920,  i>.  85;  see  alao  Pierce,  it.  t.,  r.  s.  Patent  1,367,089,  Feb    l    1921 
M  Bally,  P.  T.,  work  cited. 
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test  reported  by  one  foundry  on  i  leaded  bearing  l>ronze 

nt  Cu,  L6  per  cent    Pb,  5  per  cent  Sn.  truce  P)   there  was 

rounds. 

728 

sand  5,198 

L92 

936 

72 


7, 126 

I  jx.ur.il       7,009 
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.miry  estimates  that  26  pounds  (5  per  cent)  of  sand  adhered 

'1  pounds  on  7.KX)  pounds  metal- 

28  per  cent  corrected  gross  loss.    Ninety-two  and 

;:  pounds  of  skimmings,  from  which  it  is  estimated  that  40 

metal,  would  be  reclaimed  were  also  obtained, 

5-1  pounds  on  7. loo  pound.-  of  metallic  charged, 

i       Furnace  replaces  an  open-flame  oil   furnace 

ided  n 

;  m  the  advertising  literature  of  the  Electric  Fur- 
follo 

■tiltx  Of  runs   with    lUiihi   fui'iuice. 


ftUttrfeL 


VWJO*  bCMB,  KTBD. 


Metal 

Motal 

Loss. 

r^'ed. 

ired. 

nds. 

Pounds. 

23,3  I 

7^ 

Iffl 

1,  171 

'11 

370 

16, 1 

87 

41J 

Loss. 


Percent. 

0.30 

.81 

1.30 
.'24 
.68 


■ 
W 


id  dlk 


•    I     t  in  regular  operation  the  total  metal  loss  in 

'    'J  and    1  1    per  cent    Sn  in  the   liaily 
irn*  sill    lo-ses   In-tween   charge   and    finished    product, 

;  DOT  Cent      Another  plant  making  an 

ias  from   all    >rrap  and   DOringB  declares  that    the   net 

loss,  by  U'  \t\  and  is  convinced  thai  the  furnace 

I  ids  plant  takes  oare  to  plug  and  Lute 

' '..  to  avoid  oxidation  and  volatilization.     It 

d  naed  th  □  coke  fires  can  not  l>e  kept 

i  ir  operation,  though  that  figure  can  be 

■upessed  on  careful  testa 

tings   made 

I  ■   itc    the  metallic  Ion  to  be  l  per-  cent 
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against  about  5  per  cent  in  coke  fires.  In  still  another  plant  which 
makes  a  cast  yellow  brass  with  about  20  per  cent  Zn.  largely  from 
scrap,  the  gross  loss  between  dirty  scrap  and  hot  metal  weighed  in 
the  ladle  was  2.8  per  cent  on  the  first  few  heats,  while  the  new  hearth 
was  becoming  saturated,  and  fell  on  the  next  20  tons  melted  to  1.25 
per  cent.  It  is  estimated  by  this  plant  that  there  was  0.25  per  cent 
dirt,  oil,  etc.,  in  the  scrap,  and  an  additional  0.25  per  cent  would  have 
been  recovered  had  all  the  spillings  been  picked  up.  The  true 
metallic  loss  therefore  was  not  over  0.75  per  cent.  In.  coke-fired 
practice  on  this  alloy  the  average  net  loss  was  said  to  be  3  per  cent, 
and  some  actual  tests  showed  3.44  per  cent. 

UNIFORMITY   OF  PRODUCT. 

The  behavior  of  the  furnace  as  regards  metal  losses  is  excellent, 
but  is  not  so  good  as  regards  uniformity  of  composition  of  the  prod- 
uct. Baily 34a  gives  figures  for  30  heats  of  yellow  brass  (about  69 
per  cent  Cu,  31  per  cent  Zn),  the  copper  in  which  was  determined  by 
sampling  the  first  and  last  bars  poured  from  a  750-pound  heat.  The 
copper  averaged  0.70  per  cent  higher  in  the  last  bar  than  in  the  first. 
In  three  heats  there  was  no  variation,  in  only  five  others  was  the 
difference  below  0.25  per  cent,  in  two  between  0.25  and  0.50  per  cent, 
in  eleven  it  was  from  0.50  to  1  per  cent,  in  eight  it  was  between  1 
and  2  per  cent,  and  one  heat  showed  a  variation  of  from  68.67  per 
cent  in  the  first  bar  to  70.71  per  cent  on  the  last,  or  2.03  per  cent. 

These  figures  were  obtained  on  a  test  of  one  of  the  first  Baily 
furnaces  commercially  installed,  made  by  the  makers  of  the  furnace 
and  not  by  the  rolling  mill.  The  metal  was  poured  colder  than  it 
would  have  been  had  a  regular  caster  done  the  pouring,  and  the 
importance  of  stirring  was  evidently  not  understood.  The  figures 
do  not  mean  that  uniform  metal  can  not  be  poured  from  the  Baily 
furnace  or  from  other  hearth  furnaces  similarly  heated  by  radiation 
from  above,  but  they  do  indicate  a  tendency  to  imperfect  mixing  and 
show  that  it  is  important  for  the  metal  to  be  thoroughly  stirred 
before  pouring.  At  the  plant  where  these  tests  were  made  differences 
of  more  than  2  per  cent  in  copper  between  the  first  and  the  last  of 
the  pour  have  been  noted  even  with  careful  stirring,  and  uniformity 
is  considered  harder  to  obtain  than  in  crucible  practice. 

According  to  Hess,35  in  melting  steel  in  the  Heroult  direct-arc 
furnace  there  is  little  circulation,  and  heavy  alloys  are  likely  to  settle, 
causing  segregation  and  lack  of  homogeneity,  which,  he  says,  should 
be  guarded  against  by  systematic  and  vigorous  stirring.  As  there 
is  even  less  tendency  toward  circulation  in  furnaces  like  the  Baily 

**a  Baily,  T.  F.,  Work  dted,  p.  291. 

88  Hess.  II.  L.,  Electric  furnaces  as  applied  to  steel  making:  Mech.  Eng.,  vol.  41,  1919, 
p.  24T.;  Cheat  Abst.,  vol.  14,  1920,  p.  1G. 
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that   Mit'lt    l>v   radiated   heat    than    in   direct-arc   types.    Mess's  wifke 

i   heeding  in  khfi  operation  of  brass    furnaees  that  do 

r   the   metal    automat ieally.   fee    well    as    in   the   operation   of 

furnaces. 

QUALITY    OF   PRODUCT. 

the  metal,   from   the  testimony  of  three  different 

>,  :-.  and    no   better  than   goOd    metal    from  coke-fired 

crucible  furnaces.    If  careful  attention  is  piafcl  to  stirring,  the  metal 

average  more  uniform,  merely  because  the  use  of  a 

lar:  e  than  in  a  crucible  tends  to  even  up  its  regularity  in 

•     •  ;>  used.      In  one  case  the  metal  was  thought  to 

•  •  easily. 

ADAPTABILITY. 

drained  completely  and  successive  heats  of 

made     1  u.  account  of  the  necessity  for  keeping  down 

dure  and  the  power  input,  in  order  to  safeguard 

the  furnace  will  be  less  efficient  on  and  less  adaptable 

•    to  be  poured  at  a  high  temperature.     Few 

rly  produce  metal  that  would  be  poured  above 

>.ill  melt  ai         unary  brass  or  bronze  (probably  not 
t  est  on  yellow  brass  and  on  red  brasses 

a?.  not  have  to  be  poured  too  hot. 

on  charges  of  all  yellow  borings, 

oily,  the  Baily  furnace  does  not  give  satis- 

h  charges  require  too  much  stirring  and 

ra*  'm:j  not  over  50  per  cent  yellow  borings 

ran  be  hai 

Alt  rig  the  Baily  furnace  for  low  efficiency — that  is, 

□option  per  ton — one  refining  plant  asserts 
thti  Bhould  have  n  use  in  a  refining  plant  in  han- 

•llii  the  uirlt  can  be  skimmed  to  remove 

rpting  the  current. 

RELIABILITY. 

•      f  the  early  installations  of  Baily  fur- 

«*  wr  ■•..!  iv  of  the  transformer^  to  take  their 

'  Up,  but  this  defect    has  heeu  o\  crcninr. 

'  ad  roof  (corundite  bricR )  od,  pro- 

the  chamhei-  temperature  beiow  :i  safe 

1  ipptisd  with  a  pyrometer  in  the  roof,  that 

waji  m«n-  ration  and  after  the  melting  of 

of  70:80  brass,  the  lining  wa    still  in 
uiiirli   had   to  be  renewed  after  about 
•  n  melted 
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Another  furnace,  on  16-hour  operation  on  red  brass,  had  required 
no  repair  in  melting  about  600,000  pounds.  Another,  on  9-hour 
operation  on  yellow  brass,  had  required  one  new  hearth  lining  in 
melting  350,000  pounds,  the  hearth  probably  being  damaged  by 
throwing  in  heavy  ingots,  but  no  other  repair  besides  patching  the 
spout.  The  hearths  are  usually  rammed  up  from  carborundum  fire 
sand,  plus  fire  clay  and  water  glass  or  some  similar  mixture. 

One  user  of  the  Baily  furnace,  melting  a  leaded  bronze  with  10- 
hour  operation,  concluded  that  the  hearth  and  resistor  trough  must 
be  replaced  after  melting  1.000,000  pounds,  and  calculated  the  up- 
keep of  the  furnace,  at  1919  prices,  to  be  50  cents  per  ton.  Still 
another  user  has  said  that  the  trough  averages  a  life  of  250,000 
pounds,  but  that  with  greater  care  in  operation  this  figure  can 
probably  be  doubled. 

Other  users  had  great  trouble  with  resistor  troughs  when  they 
were  rammed  up  in  a  form  inside  the  furnace  from  carborundum 
fire  sand  with  a  water-glass  binder,  the  troughs  often  failing  after 
only  a  very  few  heats;  sectional  troughs  are  now  molded  up  and 
baked  by  the  makers  and  sent  to  the  user  to  be  set  up  like  so  much 
brickwork.     These  appear  to  be  giving  good  service. 

Electrodes  are  usually  replaced  whenever  a  trough  is  replaced. 
The  granular  resistor  material — electrode  carbon  broken  to  f-inch 
or  i-inch  mesh — slowly  burns  away  and  must  be  replenished,  about 
25  pounds  being  normally  added  every  Sunday  according  to  one  user 
and  at  the  rate  of  10  pounds  per  day  according  to  another.  This 
granular  carbon  costs  in  the  neighborhood  of  5  cents  per  pound. 
The  resistor  carbon  used  must  be  as  free  as  possible  from  ash  or  the 
ash  will  gum  up  the  resistor,  interfere  with  the  flow  of  current,  and 
endanger  the  trough. 

In  some  plants  where  much  skimming  and  rabbling  has  been  done 
the  piers  (usually  silica  brick  or  corundite)  have  occasionally  been 
damaged  by  the  operator's  careless  poking.  Generally  speaking,  the 
reliability  of  the  furnace,  when  operated  under  pyrometric  control, 
is  good. 

RATES    OF    PRODUCTION    AND    THERMAL    EFFICIENCY. 

As  the  rate  of  production  and  the  thermal  efficiency  are  closely  re- 
lated, they  will  be  considered  together. 

Baily  36  has  given  figures  on  a  week's  run  of  a  furnace  at  the  Balti- 
more Copper  Smelting  Rolling  Co.  on  68:32  brass  which  show  the 
following  averages : 

Average  number  working  hours  per  day 8} 

Average  number  heats  per  day 5J 

Average  charge pounds  T.">2 

Average  kw.  h.  per  heat  (not  Including  night  heating) 128.4 

M  Baily,  T.  I'..  Resistance  type  furnace  for  melting  brass:  Trans.  Am.  Electrochem.  Soc, 
vol.  32,  1017,  p.  155;  Brest  World,  vol.  13,  1917,  p.  337. 
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While  not  skated  in  this  paper  both  Mr.  Baily  ami  the  superin- 
lent  of  the  plain      state  that  powar  was  kept  on  the  furnace  all 

it  the  rati'  of  14  kw. 

B  kw.   li  it   Bight    <1."4   boon),  at    40  k\v„  per 

<»71 

Average  k\\.  h.  used  in  day  (8|  hours),  at  77  kw.,  perday  —      686 

. r : *  1  k\\.  h.  per  24  hours 1,356 

v  boor  working  day pounds—  4,  oil 

•  •  kw.  h.  per  ton 678 

In  the  regular  operation  of  this  furnace  on  70:30  brass,  poured  at 

I  ,875     F\),  with  power  kept  on  all  night  at  45  kw.,  the 

ted  an  output  of  4,100  pounds  (five  heats,  820  pounds), 

with  an  average  kw.  h.  consumption  of  650  per  ton.     Individual 

heats  at  the  end  of  the  day,  when  tho  furnace  was  fully  hot,  were 

le  with  L80  kw.  ii..  that  is,  at  the  rate  of  310  kw.  h.  per  ton  for 

24~hour  operation.     With  the  furnace  fully  hot,  copper 

(2,900    F.)  required  888  kw.  h.  per  ton.  with  an 

er  input  of  LOO  kw.    The  rate  of  production  on  24-hour 

mid  be  about  ibflOO  pounds  brass  a  day  when  the  fur- 

nan«  is  run  at    I  77  kw.  input  and   12,000  pounds  copper  a  day  when 

running  at  a    LOO-kw.   input.     Hie  transformer  supplied  with  this 

\  furnace  would  riot  «ji \  r  loo  kw.  steadily  without  undue  heating. 

-  particular  furnace  i-  n<>  longer  in  operation,  the  plant  having 

f  the  entirely.     The  company  asserts38  that 

I  be  considered  for  tho  melting  of  copper  in  com- 

•:  with  th<  reverberatory  furnaces  taking  200  to  250 

'i  th»-  application  of  the  principle  involved  in 

is  interesting,  it  introduces  too  many 

consideration. 

\  was   tried    but    discarded    by  the   Bridgeport 

the  following  figures  for  bronse  (89  per  cent 

•    Sn]    poured  at    L,150     C.   (2,100     F.).     Average 

ounds;  seven  beats  in  LO  hours,  5,500  pounds 

ed,  1,100  kw.  h.  in  10  hours:  average  out- 

1  kw.  h.  in  11  hour-  (night);  average  input,  3!)  kw.; 
total  kv  ...  h.  per  ton. 

brass  made  from  scrap  and  bor- 

on  9-hour  operation    (6  a.  m.  to  4 

I     at     loo    to     105    kw.     (power    off    eight 

•   :  :  I  beating  :it  about  75  aw.  aver- 

•  1  ronaoalr-ntlnnii. 
-Root  ]((     ,.)L.() 
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age  from  2.30  a.  m.  to  6  a.  m.,  week  days,  except  Saturday,  and 
from  6  p.  m.  Sunday  to  6  a.  m.  Monday;  the  output  can  be  brought, 
as  a  maximum,  to  five  heats  of  1,500  pounds  each.  The  average  over- 
all power  consumption  is  said  to  be  425  kw.  h.  per  ton. 

One  man  operates  two  furnaces  in  this  plant  by  staggering  the 
operation  of  the  two  furnaces,  so  that  two  heats  are  not  ready  to 
pour  at  the  same  time.  The  charges  are  brought  to  him  and  the 
metal  taken  away  for  him. 

At  another  plant,  operating  two  8-hour  shifts  on  leaded  bronze, 
the  furnace  being  preheated  four  hours  besides — that  is,  power  being 
off  only  four  hours  per  day — the  average  output  in  the  16-hour  melt- 
ing period  is  4  tons,  and  the  power  consumption  runs  from  500  to 
575  kw.  h.  per  ton. 

Still  another  plant,  operating  two  10-hour  shifts,  with  three  hours 
preheating,  on  red  brass,  gets  an  average  output  of  4J  tons,  though 
up  to  6J  tons  have  been  obtained.  The  power  consumption  averages 
550  kw.  h.  per  ton. 

One  plant,  melting  60 :  40  brass  24  hours  a  day,  gets  an  output  of 
8  tons  per  day  at  310  kw.  h.  per  ton,  while  another  has  obtained  a 
power-consumption  figure  on  yellow  brass,  24-hour  operation,  of 
264  kw.  h.  per  ton,  but  states  that  this  is  lower  than  can  be  expected 
as  an  average. 

One  plant,  making  sand  castings  of  yellow  brass  (20  per  cent  Zn) 
from  scrap  got  six  heats  of  1,000  pounds  in  10  hours  by  using  400 
kw.  h.  from  2  a.  m.  to  6.30  a.  m.  and  1,100  kw.  h.  from  6.30  to  4.30, 
or  1,500  kw.  h.  for  3  tons,  or  500  kw.  h.  per"  ton.  This  figure  is 
rarely  reached  because  of  delays  in  pouring,  etc.,  550  kw.  h.  being 
more  common  and  600  kw.  h.  the  average.  The  best  possible  figure 
on  10-hour  operation  at  this  plant  is  thought  to  be  450  kw.  h.  per  ton. 

At  another  plant,  on  a  test  to  see  what  maximum  output  could  be 
made  on  an  alloy  of  79  per  cent  Cu,  5  per  cent  Sn,  16  per  cent  Pb, 
trace  P,  charge  73  per  cent  gates,  10  per  cent  ingot,  17  per  dent 
new  metal,  the  following  figures  were  obtained: 

Tablk  29. — Test  of  Bail)/  furnace  on   leaded  bronze. 


Heat  No. 


Preheat . 

1 

2 

3 

4 

5 

fi 


Total. 


Time. 


2.00  a.  m.  to  6.  30  a.  m.. 
6.30  a.  m.  to  8.00  a.  m.. 
8.00  a.  m.  to  10.00  a.m.. 
10.00  a.  m.  to  11.40  a.m. 
11.40  a.  m.  to  1.00  p.m. 
1.00  p.m.  to  3.00  p.m.. 
3.00  p.  m.  to  5.00  p.  m. . 


7,126 


Weight  of 

Kw.  h. 

charge. 

used. 

Pounds. 

(«) 

375 

1,102 

200 

1,220 

200 

1,200 

175 

1,202 

175 

1,200 

175 

1,202 

175 

1,475 


a  Empty. 
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■  I  pour                      -  minutes—  -0 

input  (preheating,  1}  hours) kw.  h   .  S3i 

working  time,  io*  hours) k\v._  105 

tfi  arc  at  tiu'  rate  of  290  kw.  h.  per  ton  on  24-hour 
The  transformer  temperature  rose  from  35    C.  at  2  a.  m. 
>.i  5  p.  in.    <  >n  another  day's  run.  using  L, 500-pound  charj 
■  ;  bronze,  the  following  result  was  obtained: 

-Tent  of  Baiiu  furv<:r<  on  leaded  bronze,  i.oOO-poiuhi  vharges. 


Time. 

Weight 

of  charge. 

Kw.h. 
used. 

Kw.  h. 
input. 

rr»*w»'.                                                                                       

H.    M. 

Pounds. 

(«) 

1,516 

1,509 

1,505 

1,503 

6  375 
246 
252 
203 
206 

2    20 
2      0 
1    35 
1    30 

105 



126 



J 

128 

137 



7    25 

6,033 

e 1,282 

122 



_  Cram  advertising  1.  Furnace  Co.    Power  used  on  preheat  not  given, 

MBHiMMMon  pre  i.')  k\i .  h  per  1,."«00  pounds,  or  275  kw.  h. 

l*t  t  ••  or.  2»-hr>:r  operalio:  .t  from  the  lining. 
«dkw.  h.p«r  ten. 

imt   !'  ration  of  a   Bailv  furnace  on  yellow 

brass  <  \.    20    per   cent   Zn,   4   per   cent   Pb,    1    per 

•  imMJ   :,t    1,200     C.    (2£00°    F.)    declares  that  by  pre- 

nom  3.80  a.  m.  to  6  a.  m.  four  heats  of  l..">oo  pounds  each 

•  u  "i?  p.  m.     One  more  heat  could  betaken  by  running 

The  power  consumption  over  a  month's  run   (70  tons) 

tfi  kw.  li.  per  ton.     The  furnace  is  said  to  give  best  results  if 

run  at  120  kw..  fl  higher  power  input  shortening  the  life  of  resistor 

-n  ;,ri,J  roof  and  a  lower  one  increasing  the  power  consumption 

per  ton.    The  resistor  trough  and  hearth  las!   about  six  months; 

fchi  >r  the  melting  of  some  400  to  450  tons. 

In  i  comparison  of  melting  between  crucibles  and  the  eke* 

trie  fui  the  upkeep  of  the  Baily  furnace  is  put  at  60  cents  per 

1    ■    labor  for  electric  melting  is  half  what  it  was  for 

crucible  melting,  and  the  metal  lose  ic  reduced  from  :>  per  cen!  to 

I  are  given  as  $19.20  per  ton  in  crucibles  (of 

ie  to  the  loss  of  4  per  cent  more  zinc)  and  as  $15.20 

t   l.li  cents,  per  kw.  h..  or  $8.06  per  ton. 

in    meta]    that    make.-    the    furnace   economical.      It 

ted  that  thhi  coat  tabulation  does  not  include  Lntei 
■•  "ti  tl.  trnexM  in  the  farn* 

Tfc  ■  melted  mi  tl.;-  plan!  u  still  melted  In  crucibles,  be- 

il  loss  in  th«-  crucihlc-  i-  (>nly  abort  2  per  cent,    o  that 
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the  electric  furnace  would  save  only  1  per  cent  and  the  cost  balance, 
which  is  swung  for  the  electric  on  yellow  brass  solely  by  the  saving 
in  metal  losses,  is  against  the  Baily  furnace  on  red  brass. 

FURNACE  OF  ANACONDA  COPPER  MINING  CO. 

At  Great  Falls,  Mont.,  a  standard  Baily  105-kw.  furnace  is  in- 
stalled in  the  brass  foundry  of  the  Anaconda  Copper  Mining  Co.  This 
firm  uses  large  amounts  of  electric  power  generated  by  water  power 
for  general  purposes,  for  the  operation  of  ferro-alloy  furnaces,  and 
for  the  electrodeposition  of  zinc.  When  hydroelectric  power  is 
bought  under  such  circumstances  it  is  usually  paid  for,  not  by  the 
kw.  h.  actually  used,  as  is  the  case  in  most  brass  foundries,  but  by  the 
kilowatt  year;  that  is,  by  the  most  simple  form  of  power  contract 
a  certain  amount  a  year  is  paid  for  each  kilowatt  the  plant  in  ques- 
tion is  equipped  to  draw  from  the  hydroelectric  station. 

After  the  furnace  at  Great  Falls  had  been  used  intermittently  for 
15  months  the  lining  was  still  in  excellent  condition,  one  resistor- 
trough  replacement  having  been  made  and  the  second  being  nearly 
ready  for  renewal.  The  melting  rate,  after  the  furnace  is  fully  hot, 
is  1,800  pounds  in  3^  hours;  that  is,  515  pounds  per  hour  on  the  basis 
of  continuous  operation.  As  high  as  2  tons  have  been  charged  into 
the  furnace  at  one  time.     The  metal  loss  is  under  2  per  cent. 

The  power  consumption  averaged  2,900  kw.  h.  per  ton  during 
four  months'  intermittent  operation,  in  which  42.4  tons  were  melted. 
It  is  said  that  if  the  furnace  were  operated  continuously  24  hours 
per  day  it  could  probably  equal  the  guarantee,  made  on  the  basis 
of  continuous  operation,  of  400  kw.  h.  per  ton.  The  furnace  is  said 
by  the  Anaconda  Co.  to  be  very  satisfactory  for  their  foundry 
work.  The  work  is  intermittent,  only  about  15  tons  of  metal  being- 
melted  per  month,  on  the  average,  and  only  about  10  tons  per  month 
in  the  period  on  which  the  figures  of  power  consumption  were 
computed. 

Power  is  kept  on  the  furnace  all  the  time,  the  increased  power 
consumption  being  offset  by  the  time  saved  in  bringing  this  sluggish 
type  of  furnace  up  to  working  temperature  if  it  is  allowed  to  cool. 

At  the  rate  of  515  pounds  per  hour,  the  four  months'  melt  of 
84.800  pounds  would  take  only  165  hours  out  of  2,880,  or  6.6  full 
24-hour  days  out  of  120  days. 

To  keep  the  furnace  hot  all  the  time  would  require  an  average 
input  of  about  40  kw.  for  the  whole  2,880  hours,  and  if  the  power 
input  was  raised  by  50  kw.  to  an  average  of  90  kw.  during  the  165 
hours  of  actual  melting  the  power  consumed  would  be  (40X2,880)  + 
(50X1^5),  or  123.650  kw.  h.  used  to  melt  84.800  pounds,  or  2.1)00 
kw.  h.  per  ton. 
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Had  this  UDOOnt  of  power  been  paid   for  on  (ho  kind  of  a  power 

contract  used  by  most  purchasers  of  a  nngk  Baily  furnace  it  would 
•ably  cost  about    l.-l  rents  per  kw.  h.,  or  about  $40  per  ton  for 
power  alone. 

<  >:i   BO  large  I   connected   load  as  that  at   Anaconda,  where  there 

would  nal  times    LOO  kw.  leeway  between  the  connected   kw. 

the  high-tension  transformers  and  the  average  load,  it  would 

make  no  difference   in  the  actual  cost  of  power  whether  the   Baily 

•Fere  run  or  not.     Even  for  cost  accounting  it  inijxht 

calculated  that  only  the  40  kw.  used  all  the  time  should  be  charged 

'  the  furnace  if  the  foundry  took  care  to  do  (he  actual  melting 

at   ;i  tune  when  the  rest  of  (he  plant  was  not  drawing  its  full  load. 

kw.    b»r    \    mouths   at.  say,  **25   per  kw.   year  would  cost 

r   [±A   ton-,  or  $7.85   per  ton  on  a  melt  of  10.6  tons  per 

month,  a  figure  which  than  the  $8.06  per  ton  in  the  furnace 

tasl  commented  on,  which  \\>r,\  572  kw.  h.  per  ton  at  $1.41  per  kw.  h. 

on  :i  melt  of  ro  tons  jut  month. 

M'  these  d  I  to  -how  thai  where  power  is  high  the  Baily 

fur'  Kmld  be  used  for  melting  L6  to  24  hours  per  day,  as  it  is 

at  a  disadvai  I         on  account  of  its  high-heat  storage  on  10-hour 

extremely  cheap,  it  can  be  satisfactorily 

used  on   10-hoUT  melting  or  even  as  intermittently  as  the  Anaconda 

•!.    The  resistor  troughs  have  had  to  be  replaced  twice 

melting  an  average  of  15  tons  per  month  or,  say, 

trough,  on  this  intermittent  service. 

th(     \i  iconda  furnace  on  account  of  the  unusual  operat- 

men-ial  results  on  the  L05-kw.  Baily  furnace 

mmari  o  Table  31. 

ittfkirf  of  Batty  furnaa  operation. 
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The  standard  Baily  furnace  rated  at  105  kw.  is  thus  seen  to 
produce,  on  10-hour  operation,  on  metal  poured  at  or  below  1,150°  C, 
from  500  to  800  ptfunds  per  hour,  2J  to  4  tons  per  day,  and  to  use 
425  to  600  kw.  h.  per  ton.  On  24-hour  operation  it  would  produce 
6  to  10  tons  at  275  to  350  kw.  h.  per  ton.  These  variations  depend 
partly  on  the  pouring  temperature  needed  and  on  the  rate  of  power 
input,  but  even  more  so  on  the  efficiency  of  operation  and  the  speed 
of  charging  and  pouring. 

It  has  been  found,  in  the  practice  of  one  plant,  highly  essential 
to  operate  the  Baily  furnace  without  a  slag.  If  a  dirty  charge  is 
used  containing  a  lot  of  nonmetallic  material,  such  as  sand  adhering 
to  gates,  so  that  as  soon  as  the  metal  is  fluid,  it  becomes  covered  with  a 
layer  of  fluid  or  crusty  slag,  the  furnace  should  be  opened  and  the  slag 
scraped  off.  If  the  slag  or  crust  is  left  on  it  prevents  the  rapid 
absorption  of  heat  reflected  on  it  by  the  roof,  slows  up  production, 
and  tends  to  require  running  the  roof  too  hot.  It  acts,  in  baffling 
the  flow  of  heat,  much  as  a  crucible  wall  would  act. 

ELECTRICAL  CHARACTERISTICS. 

The  single-phase  105-kv.  a.  transformer  is  usually  arranged  to 
give  55  to  110  volts  by  5-volt  steps.  The  furnace,  in  normal  run- 
ning, after  it  is  heated  up,  takes  about  80  volts,  1,300  amperes. 
Control  is  obtained  by  a  selective  oil  switch  to  the  transformer 
taps.  Continual  changing  of  voltage  is  not  necessary,  but  the  watt 
meter  must  be  watched  in  order  not  to  allow  the  power  input  to  rise 
or  to  fall  off  too  much,  as  the  furnace  has  a  general  drift  toward 
taking  a  higher  or  a  lower  power  input,  with  any  impressed  volt- 
age, according  to  whether  the  resistor  temperature  is  rising  or 
falling.  « 

The  power  factor  is  close  to  unity,  and  there  are  no  sudden  surges 
on  the  line,  the  variation  being  between  zero  and  100  kw.,  approxi- 
mately, when  the  switch  is  opened  and  closed  to  change  the  voltage. 

COST  OF  THE  BAILY  FURNACE. 

The  prices  of  the  Baily  furnace  complete  in  April,  1920,  were 
as  follows:  105-kw.,  about  $9,400;  75-kw.,  about  $6,500;  50-kw., 
about  $5,000. 

BAILY    FURNACES    MELTING   ALLOYS    OTHER    THAN    BRASS    OR 

BRONZE. 

The  Lumen  Bearing  Co.  uses  one  of  the  105  kw.  regularly  and  an- 
other intermittently  on  Lumen  metal,  a  bearing  alloy  of  about  85 
per  cent  Zn,  10  per  cent  copper,  5  per  cent  Al.  This  is  poured  at  about 
700°  C.  (1.300°  F.).  An  average  of  5£  heats  of  1,000  pounds  each  is 
obtained  per  10-hour  working  day,  660  kw.  h.  being  used  during  the 


:  EH< '    BRASS    v\  i;\  \<  1:    im:  \,ti. 

•  1m\  during  the  night  to  keep  the  furnace  hot.    The  furnace 

for  Lumen  metal  was  bought  secondhand,  having 

:  out  by  the  Aluminum  i'<».  ,>f  America   for  making  up 

aluminum  alloy  ingot  from  pig  aluminum  ami  discarded,  largely,  it 

.  because  of  its  being  too  small  in  size  for  such  purpose. 

lv  furnace  has  recently  been  sold  to  the  Norsk  Alumi- 

melting  aluminum.     No  data  are  available  on 

tli 

•   .  tapping-type  Baity  furnace  useo!   for 

aluminum  pig  poured  at  about  850°  C.  (1,560°  F.).    It  has 

•    Oil  each  Side  of  the  hearth,  which  holds  3 

luminum.     Such  a   furnace  may  be  made  to  take  three- 

•  i  f  desired.41 

1  rated  SM  hours  a  day:  capacity  of  production 

rated  at  500  k\\\.  it  could  use  around 

or  at  the  rate  of  about  500  kw.  h.  per  ton. 

er,  ho  iliat  265  kw.  or  54,00€  kw.  h.  per  day,  320 

n,  will  do  tl  -i  hour  operation.    From  the  data 

to  raise  aluminum  to  about  700°  Q..  or 

gi>  en  by  Miller,  will  take  300  kw.  h. 

thei  mal  efficiency. 

•  at  about  700°  C.  the  total  hfcat  in  the 

300  calories  per  gram;  that  is,  about  320 

-  pet  cent  of  copper  in  the  usual 

heat  needed  somewhat,  hut  it  is  evident 

ton  of  NTo.  12  aluminum  represents  100 

It       fun  60  per  rent  efficiency  500  kw.  h. 

red.    ft  therefore  seemed  very  doubt- 

I ;••  were  correct.     Hence  the  matter  was  re- 

'  of  the  plant  operating  the  furnace;,  who 

Minions  operation!  we  can   melt    i    ton   of 

ption   of  slightly    less   than  500  kw. 
with    the    fornace   due    to    inherent    defects  or 

'i  i .<•   resistor  trough!  are  i   source  of 

r    supplied    with    this   flimsier    w;is 

and    has  given   us   some  trouble,     n    i* 

•    ;   .•  in  t:..   «  .<jrir  furnace:  Chem.  and  Met. 

1919. 
It   metali ;  Trans.  Am.   Bra   i  Pound 

. i in 'iin  :    Jour.    Kw   I,    I'liv.s.   ('Iii-iii.    BoC,   vol. 

P,  D.  Aluminum  and  Ita  lijfbi  alio;       Bureau 

1       \i.  ut m.  ii.   a.,  im. i    Durrer,   u., 
TtaaraanJ  '  ii    w  uiiaia,    n    trumentenkuuoe,   ral.    19,    1919,    i>.   2'j\; 

B.    Abttr  !1. 
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"  Number  One  "  iu  their  series  and  I  am  inclined  to  think  could  be  consider- 
ably improved  upon  in  design.  We  purchased  this  furnace  primarily  for  mak- 
ing high  zinc  alloys  of  aluminum.  We  found  that  there  was  a  noticeable 
decrease  in  the  zinc  losses  over  an  oil  fired  or  coal  fired  open  hearth  furnace. 
On  the  regular  run  of  aluminum  we  could  see  no  appreciable  decrease  in  the 
melting  loss.  It  was  only  in  the  case  of  zinc  alloys  that  this  difference  was 
appreciable. 

Our  operating  conditions  are  such  that  we  could  not  keep  the  furnace  in 
continuous  operation.  It  has  a  very  high  heat  capacity  and  requires  a  good  deal 
of  power  to  bring  the  furnace  up  to  the  proper  operating  temperature.  When 
operated  intermittently  this  is  a  decided  drawback,  since  a  large  proportion 
of  the  power  used  is  consumed  in  heating  up  the  furnace.  Over  a  period  of 
time  we  found  that  under  such  conditions  the  power  consumption  was  approxi- 
mately 700  kw.  per  ton  of  metal  melted.  As  a  consequence  we  have  practically 
abandoned  the  use  of  this  furnace  for  melting  aluminum.  At  the  present 
moment  we  are  seriously  considering  rebuilding  the  furnace  for  use  as  a  pre- 
heating furnace  for  heating  ingots  for  the  rolling  mill.  The  furnace  has  the 
decided  advantage  of  close  heat  control  and  when  operated  at  temperatures 
in  the  neighborhood  of  1,000  to  1,200°  F.  it  will  stand  up  and  give  good 
service  for  a  considerable  period  of  time.  We  have  an  annealing  furnace 
operating  under  such  conditions  which  is  giving  very  satisfactory  results,  but 
we  can  not  say  thai:  we  have  been  well  satisfied  with  the  performance  of  the 
melting  furnace. 

In  a  test,  not  made  primarily  for  taking  the  figures  of  power  con- 
sumption, on  a  standard  105-kw.  Baily  furnace,  which  was  attended 
by  a  representative  of  the  bureau,  the  furnace  had  been  kept  hot 
for  some  12  hours  beforehand,  a  power  input  of  about  30  kw.  being 
used  in  that  period.  The  roof  temperature  at  the  start  was  1,780°  F. 
(970°  C.)  ;  100  pounds  of  No.  12  alloy  (92  per  cent  Al,  8  per  cent 
Cu)  were  melted  and  raised  to  850°  C.  in  1  hour  and  25  minutes, 
the  roof  temperature  then  being  1,825°  F.  (995°  C). 

The  furnace  was  run  at  about  40  kw.  The  power  was  then  cut  off, 
some  metal  poured,  and  the  furnace  left  without  power  for  1  hour 
and  10  minutes,  when  the  roof  temperature  was  1,850°  F.  (1.010°  C.) 
and  the  metal  was  at  910°  C,  showing  the  great  heat  storage  of  the 
furnace.  The  power  was  then  put  on  again,  50  pounds  more  of  the 
alloy  added,  more  metal  was  then  poured,  and  after  1  hour  and  40 
minutes  the  charge  was  at  980°  C. 

In  the  whole  4  hours  and  '25  minutes,  192  kw.  h.  were  consumed  in 
melting  and  superheating  150  pounds  of  the  alloy,  in  supplying  radi- 
ation losses  while  the  furnace  was  held  at  about  the  temperature 
required  in  melting  aluminum  regularly,  and  in  heating  the  furnaee. 
at  the  end,  to  somewhat  above  the  initial  temperature.  The  actual 
melting  of  the  aluminum  would  take  some  22  kw.  usefully  applied. 
Hence  170  kw.  supplied  the  radiation  losses  for  about  4\  hours.  If 
it  thus  takes  some  40  kw.  to  hold  the  furnace  at  the  proper  tem- 
perature without  doing  work,  a  109-kw.  furnace  should  utilize  about 
GO  kw.:  that  is,  should  melt  about  400  pounds  per  hour,  as  300  kw. 
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:  Ji\  applied  theoretically  molts  i  ton.    We  should  then  expect 
24-hour  operation  thai  the  LOO-kw,  Baily  furnace  would  use  500 

kw.  h.  per  ton  of  aluminum  and  that  on  10-hour  operation  it  would 

kw.  h.  per  ton. 

ires  have  already  been  given  on  the  performance  of  the  105-kw. 

ly   fun  bowing  675  to  625  k\v.  h.  per  ton,  and  on  the  rec- 

gular  50-kw,  furnace,  showing  s.~><>  kw.  h.  per  ton,  both  on  a  9-hour 

melting  day.     The  net    metal  loss  on   105-kw,   furnace,  melting  No. 

dloy,  l  mated,  hut  not  actually  determined,  at  0.3  per  cent, 

I   loss  iii  the  50-kw.  furnace  was  0.7  per  cent. 

BAILY  FURNACES  FOR  MELTING  ZINC. 

\  7 (-kw.  Baily  furnace  has  recently  been  sold  to  the  Hen  Smelt- 

\  for  melting  zinc.    No  operating  data  are  available. 

rw.    tapping-type    furnace   installed   by   the   Anaconda 

r  Minii      I      .  for  melting  electrolytic  zinc  cathodes  is  claimed 

n  24-hour  aervice,  at  7r>  kw.  h.  per  ton.     In  January, 

.*,.i  12,335  pounds  melted.  4,846,710  pounds  were  poured, 

i  cent.     In  four  days  in  January,  li)l9,4fl  1,115,- 

580  pounds  were  melted  and  l.<»vs.-".!>7  pounds  poured,  or  a  loss  of 

ht. 

Copper  Mining  Co.  states44  that  the  life  of  the 

Lrhs  in  the  zinc  furnace  ;s  about  three  to  four  months; 

•mical  tonnage  of  the  furnace  is  75  tons  per  24 

hou  tnption  LOO  kw.  h.  per  ton,  and  that  the  Baily 

fur:  lered  i  Buccess  for  melting  zinc  cathodes,  its 

•  '•n  discontinued  in  favor  of  a  coal-fired  reverberatory, 

aper  and  makes  less  dross.     A   net   recovery  of  prac- 

the  zinc  charged  was  made,  but  it  was  desirable 

to  avoid  i'  ■  v  of  having  to  recover  the  metal  from  the  dross, 

per  cent.    The  General   Electric  type  and  the 

furnaces  are  also  said  by  the  Anaconda  Copper 

tory  \'<>r  melting  /inc. 

give   fuller  reasonf    lor  the   failure  of  the  electric 

•.odes. 

form  d  melting  in  any  furnace,  and  the  blanket 

r  of  heat  to  the  charge  in  the  electric 

I  : he  rated  production  of  the  furnace 

te  <>f  energy  supply  must  \»~  so  rapid 

high  that  there  is  volatilization  of 

7  ton-  per  day).    At  b  production 

rlc  Pun 

mmiMii'f.ti'.n.  Dee;   LI  mxi  22,   i o i «. * 

ml*X*  b     c     BlectroLjtic  line  plant   «.f 

•  •         '      •  M-»  •  .•  '         v  nlog   ind  Mettllorgj,  Bull  No.  1,028,  L02O,  p.  M 
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rate  of  only  100  tons  per  day  the  resistors  must  run  at  so  high  a  tem- 
perature that  their  life  is  too  short.  At  TO  tons  per  day — that  is,  at 
a  low  rate  of  power  input,  so  that  heat  conduction  through  the  charge 
can  prevent  surface  overheating  and  volatilization  and  so  that  the 
resistors  do  not  run  so  hot — the  furnace  compares  favorably,  metal- 
lurgically,  with  coal-fired  reverberatories,  but  the  item  of  interest  on 
investment  at  the  low  rate  of  production  is  so  high  as  to  make  the 
furnace  uneconomical. 

A  50-kw.  nose-tilting  Baily  furnace  for  melting  silver  has  recently 
been  sold  to  Johnson,  Matthey  &  Co.  (Ltd.),  London. 

MELTING  CAST  IRON  AND  STEEL  IN  THE  BAILY  FURNACE. 

Experimental  melting  of  cast  iron  has  also  been  done  in  the  Baily 
furnace.48 

It  is  also  stated49  that  in  a  Baily  furnace  in  which  the  usual  hearth 
had  been  given  an  inner  lining  of  magnesite  1,000  pounds  of  boiler- 
plate sera})  was  melted  in  seven  and  one-half  hours,  with  the  furnace 
nmning  at  about  90  kw.,  the  heat  being  started  with  the  furnace  at 
full  steel-melting  temperature.  It  took  about  75  kw.  to  hold  the 
empty  furnace  at  this  temperature.  It  is  argued  from  this  test  that 
high-speed  steel  can  be  handled  in  the  Baily  furnace. 

The  rate  of  melting  is  very  slow,  and  if  it  be  increased  by  raising 
the  power  input  the  life  of  the  resistor  trough  would  undoubtedly 
be  very  short.  It  is  doubtful  if  the  resistor  trough  would  stand  up 
long  enough  to  make  the  furnace  practical  on  tool  steel  even  at  the 
usual  low  rate  of  power  input  used  on  brass  on  account  of  the  small 
leeway  between  the  furnace  temperature  and  the  temperature  at 
which  the  resistor  trough  fails. 

SUMMARY   ON  BAILY  FURNACE. 

The  standard  105-kw.  Baily  furnace  is  said  by  the  makers  to  be 
capable  of  melting  2 : 1  yellow  brass  with  400  kw.  h.  per  ton,  50  cents 
per  ton  furnace  upkeep,  and  1  per  cent  net  metal  loss.  According 
to  reports  from  users,  it  appears  that  with  careful  operation  of  the 
furnace  this  statement  is  correct,  but  that  the  figure  of  400  kw.  h. 
needs  amplification.  It  can  be  reached  by  operating  16  hours  per 
day,  or  lowered  by  operating  24  hours  per. day.  but  it  would  be  diffi- 
cult, if  not  impossible,  to  reach  it  in  regular  10-hour  operation. 

Working  conditions,  as  to  coolness,  cleanliness,  and  convenience 
are  good,  as  are  also  the  reliability  and  refractory  life.  Its  electrical 
characteristics  are  satisfactory;  it  is  one  of  the  simplest  and  easiest 
of  furnaces  to  operate:  it  gives  a  low  metal  loss,  and  most  of  its 

**  Anonymous,  Melting  cast-iron  scrap:  Iron  Age,  vol.  107,  1921,  p.  1686 
<•  Anonymous,  Melting  steel  In  a  nonferrous  electric  furnace:  Iron  Age,  vol.  106,    1921, 
p.  472. 
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iiler  that  it  shows  a  decided  saving  over  the  fuel-fired  lur- 
replaced.     A  dozen  linns  have  each  installed  more  than 

!  I  lily  fuj 

lexible  in  that  it  can  handle  alloys  high  or  low 
in  sine  and  ran  change   from  one  alloy  to  another.     The  furnace  is 

i  \.i\  high  rate  of  production  and  is  not  so  susceptible 

-<•  temperature  control,  DOT  does  it  mix  the  metal  as  well  as 

tin!-  types.     These,   with    it>   rather  poor   performance   as  to 

pov.  tnption   on    10-hour   operation,    are    its   greatest   disad- 


vant 
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A    :'    i  r  to  the  Baily  in  that  the  bulk  of  the  heat  is  re- 

hearth  fmm  the  roof  hut  fliffeiring  in  the  way  the 
:i  developed  by  the  General   Electric  Co. 
Valentine"0  and  by  Collins.51    The  principle  of 
;m  he    iMii  from  fiimres  IT.  18,  19,  and  Plate  IX  (page 
). 


'■*  ]'  •  iiii.-i- ,.,  with  detail  <»f  heating  element. 


A  h.-.i 


I  in  t       entral  pari  of  a  Large  furnai  •  enclo- 

Ch  end  of  the  fiirii;c  Led  of 

piled  granular  resistor  carbon.    'Hie  granu- 

rborundum  en, I  walls  of  the  fieartk. 

or  6  inches  in  diameter)  project 

in  the  roof  at  each  end  (four  electrodes 

holder  ooled.    Th<    . 


; 


r.iT 

for  men 
.    \<.|.    11,    1019,   P.   2 
:  ,     L919    ■•    22J      I 

tron   Age,   vol. 

i  n<  1 
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Figure  18. —  Diagram  of  General   Electric  rectangular  furnace. 
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r  electrod  partly  submerged  or  buried  in  granular  graphite 

it/  rial,  but  are  in  poor  contact  with  it.  so  that  a  number  of 
iwn  from  the  tips  to  the  granular  graphite,  and  some 
ted   by  the  passage  of  current   through  the  resistor 
If.    The  furnace  is  sometimes  described  as  being  a  smothered,  or 
inu tiled  :uv  furnace,  bui  the  makers  prefer  to  call  it  a  contact-arc 
furnace.    All  four  electrodes  can  be  in  series  on  a  single- 
ine,  or  each  set  <>f  two  can  be  operated  from  one  phase  of  a 
two-pfa  rcuit,  which  can  of  course  be  taken   from  a  three-phase 

j  :    e  Scott  connection.    The  furnace  is  essentially  a  two-phase 
fur-  ad  takes  ,;i  I  to  ~l)  volts  per  phase.    It  is  provided  with  charg- 

'   fronl  and  rear  and  with  a  pouring  spout  at  the  front. 
!1  and  the  masts  supporting  the  electrodes  are  sup- 
on  a  cradle,  the  whole  thing  being  motor  tilted  to  pour.    Small 
provided  each  side  of  the  charging  door,  in  line  with  the 
.  through  which  the  heating  troughs  and  electrodes  can  be 
iinl  through  which  granular  resistor  carbon  may  be  added 
as  it  i  way.    While  the  heat  is  mainly  generated  in  the  four 

arc-  induct  ing  bed  of  granular  resistor  serves  to  delocalize  some- 

what the  be  t  »un  • 

i.  of  the  heating  troughs  in  contact  and  on  a  level  with 
rth  allows  some  heat  to  flow  through  the  hearth  wall  by  direct 
'•  ii  of  all  the  heat  being  radiated  from  a  remote  heat- 
■  the  Baily  furnace. 
•  input  i-  regulated  entirely  by  automatic  control,  each 
ontrol  de\  i.-e  that  adjusts  the  electrode  to  take  ex- 
f  the  load:  the  heat  generated   in  each  of  the  four 
of  the  furnace  is  thus  kept  equal  and  the  operator  is  relieved 
Dual   labor  in  the  regulation  of  the  furnace.     He  merely 
turns  a  rhe<-  tat  handle  to  alter  the  power  taken  by  the  furnace.    This 
trol    involves   the   use  of  a    number  of  meters,  con- 
making  tie-  fully  equipped  furnace  very  expensive;  it 

labor,    however,   and    makes   the    load    of  the 

high]  to  the  centra]  station,  as  the  load  is  dis- 

I   uniformly  on   the   phases,   is  free  from   surges,  and  has  a 

•  I  v   unit  v. 

ricaBy  reliable,  but  its  inherent  nature  makes 

ird  on  that  it-  operating  reliability 

recti  of  the  refractory  life.    If  the  roof  alone  fails. 

put   on   without  a    long  delay,  but    failure  of  the 

the  fm  md  rebuilding  the  hearth. 

*  fan  iM'ity  of  1. 600  to  2,500  pounds 

total  ormer  capacity  of  inn  \iv.  ,.,..  in 

-  lew.  being  need  normally.    This 

aavei  of  power  input  than  in  the  case 
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of  the  Baily  furnace,  which  is  rated  at  only  105  kw.  for  a  capacity 
of  1,000  to  1,500  pounds. 

The  source  of  heat  is  more  localized  than  in  the  Baily,  and  the 
temperature  of  this  source  is  higher.     Though  the  arcs  are  to  some 


degree  smothered,  the  temperature  around  the  tips  of  the  electrodes 
is  not  far  below  that  of  the  arc.    The  high  temperature  energy  must 


I  H 
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ted  bark  mainly   from  the  root*  ami  end  walls  before  it  can 
h   tho  hearth.     Almost   DO   part  of  the  heat  goes  to  the  hath  by 
direct,  univtlected   radiation,  as  it   does  in  tlie  ordinary   indirect-arc 
furna 

In  order  to  maintain  the  roof,  it  has  been  raised   and   its  shape 

..  from  the  original  design  shown  in  the  patents  to  a  form  in 

which  the  heat  is  reflected  more  directly  to  the  bath.    The  roof  has 

no  heat  insulating  lagging  at  the  ends,  directly  over  the  heating 

nd   only  a    little   in   the  center,  as  the   roof   fails  if  it  is 

insulated. 

Monroe  fire  brick,  ehromite.  and  Hybrand  fire  brick  have  all  shown 
•i    life   in  the  roof.     The  chromite  roof  was  reduced  by  the 

A    1.  ind   furnace,  taking  an  average  of  about  170 

!  out  in  tie'  General  Electric  plant  at  Schenectady  in 

1917  on   1,000-pound  heats  of  a  ret:  brass  of  80  to  85  per  cent  Cu 

punch  cent  Zii.  balance  Sn  and  Pb  (new  metals), 

LO-hour  operation,  no  night  beating.    According  to  reports  the  fur- 

3  beats  (  I  tons)  per  LO-hour  day,  at  a  power  con- 
tption   of  about   850  kw.   h.   per  ton   under  the  most   favorable 

was  said  to  be  about  0.75  per  cent.     It  was 

r  only  about  :'.  pounds  of  electrodes  were  nsed  in   10  hours. 

ibulates    the   kw.-h.   consumption   necessary    for  melt- 

}-pound  capacity  400-kw.  General  Electric  furnace  as 

follow 

'    i    ini   iicttric  Co.   for  performance  of  1-ton 

f  a  ni  ii' 


All  -v. 


Red  bra*. 


Y4hm  bnm 


Cora  i  p 


Kw.  h.  per 

ton. 


Ml. 
v  strap  a  .  with 

t»-.  t #-s  :ui'l  rfiiiis- 


:.).100 


Up«...  »0  i  »•.':.-» 

00  to  750 
500  to  750 


Metal  loss. 


Per 

tO  0. 7 

.  15  to    .50 
.50 to  l.o 

.  into  1.0 


Pouring 
tempera- 
ture. 


Detreee. 
1,300 


1,  I  IK) 

«  1,600 


i  pourtrtf  tomparmttsrei  * 

"  "•     le.w  foundry  handicaps  prevent  the 

ti       I               from  rc.|  brasfl  on  minimum  power  con- 

rompt*  thai  the  furnace  itself  is  capable  of  melt- 

•  f  ton  plug  25  kw.  h.  per  Ion   lost   in  dan   former 


i  i     cm 


Udry,    \<-|.     17, 
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and  secondary  leads:  that  is,  300  kw.  h.  is  taken  as  the  standard  of 
what  the  furnace  should  do  under  perfect  foundry  conditions.  The 
chart  shows  that  the  actual  power  used,  with  these  handicaps,  was 
about  350  kw.  h.  per  ton. 

No  statement  is  made  as  to  whether  or  not  this  chart  includes  pre- 
heating the  furnace.  Another  chart  shows  that  the  furnace  is  pre- 
heated empty  about  three  hours  before  charging,  and  the  first  heat 
was  charged  about  half  an  hour  before  the  foundry  10-hour  working 
day  begins*,  the  production  averaging  4J  tons  per  day,  or  about  82.5 
pounds  per  hour,  under  imperfect  foundry  conditions,  although  in 
the  text  the  melting  rate  is  once  given  as  1,500  pounds  per  hour, 
and  again  as  1.700  pounds  per  hour.  These  latter  figures  probably 
refer  to  24-hour  operation. 

GENERAL   ELECTRIC   FURNACE  AT   PLANT   OF    CRANE   CO. 

A  General  Electric  furnace  was  installed  at  the  plant  of  the  Crane 
Co.,  Chicago,  for  commercial  test  by  the  General  Electric  Co.,  a  rep- 
resentative of  the  General  Electric  Co.  being  present  whenever  the 
furnace  was  run.  Intermittent  tests  were  made  throughout  1918, 
continual  running  being  impossible  because  of  the  repeated  failure  of 
the  roof  which  necessitated  replacement  and  redesign.  The  furnace 
was  run  on  valve  metal,  ladle  poured.  Much  trouble  was  found  in 
making  cored  valve  bodies  to  stand  hydraulic  test,  the  percentage 
of  "leakers"  being  far  above  that  from  crucibles,  according  to  the 
Crane  Co.,  but  according  to  the  General  Electric  Co.,  when  the  metal 
was  poured  with  a  properly  preheated  ladle,  defective  castings  from 
the  electric  and  the  crucible  furnaces  ran  neck  and  neck.  One  source 
of  trouble  was  the  structural  weakness  of  the  hearth,  the  carborun- 
dum walls  of  which  were  under  the  pressure  of  the  molten  metal  on 
one  side  and  served  to  retain  the  hot  resistor  on  the  other.  Metal 
seemed  to  leak  through  a  crack  in  the  hearth  and  to  collect  silicon 
that  had  been  produced  either  by  reduction  of  silicates  in  the  ash 
from  the  resistor,  or  by  the  decomposition  of  carborundum  at  a  hot 
spot  in  the  resistor.  At  any  rate,  silicon  was  picked  up,  the  product 
from  the  furnace  being  often  ruined  by  silicon,  although  the  same 
charge  melted  in  crucibles  did  not  pick  up  silicon.  There  was  also 
some  question  whether  this  class  of  work  could  be  satisfactorily  made 
with  ladle-poured  metal,  owing  to  the  fact  that  there  was  more  oxi- 
dation of  the  stream  of  metal  in  pouring  from  furnace  to  ladle  and 
then  from  ladle  to  mold  than  in  the  single  pour  from  a  crucible. 

At  any  rate,  this  furnace,  as  operated,  did  not  impress  the  Crane 
Co.  by  quality  of  product.     No  difference  was  seen  in  metal  losses 


RLE*   rWO    BBAS8    FUBNACB    PBACTICB. 

wen  this  electric  furnace  and  cruciblea     The  average  powei 
;  on  per  ton  was  exoooBively  high  during  the  periods  of  roof 
.me   down    under  the    most    favorable   conditions  to 
about  tw.  h.  per  ton   for   10-hour  operation. 

furna.  e   was  finally  dismantled  and  returned  to  the  makers 

Detailed  data  on  the  experience  with  this  furnace  at  the 

would  be  very  instructive,  as  they  might  indicate  whether 

inapplicability  of  the  furnace  to  the  type  of  work  was  due  to 

furnace,  to  its  method  of  operation,  or  whether  no  electric  fur- 

rould  handle  that  work.     By  the  terms  of  the  contract  under 

which  the  General  Electric  Co.  had  supplied  this  furnace  for  test, 

the  Crane  i  a.  vru  n<>t  able  to  giye  out  detailed  data. 

fcion   of  the   furnace  does  not  seem  to  be  due  to  any 
tlir  Crane  Co.  against  electric  furnaces,  as  the  firm 
d  with  its  Herotth  steel  furnace  and  is  at  present  trying 
other  types  of  electric  brass  furnaces. 

other  General  Electric  furnaces  are  installed  at  the  McNab 

Harlan    Manufacturing   Co.     To  an  inquiry  addressed  to  this 

reply  was  made  that  the  furnace  had  never  been  used  for 

brass,    bui    only    for    a    higher    melting,    patented    alloy, 

A  and  that  the  company  would  object  to  furnishing  any  data 

or  information,  as  the  alloy  is  made  under  a  formula  which  they  do 

ported  from  other  sources53  that  the  alloy  is  a  nickel  alloy 
similar  to  an  18  to  80  per  cent  zinc-nickel  brass  (German 
.  but  low  in  nickel  and  carrying  iron  and  lead. 
Metal  is  low  as  l  per  cent  and  power  figures  as  low  as  400 

kw.  a  16-hour  operation  have  been  claimed  operating  on 

type  poured  at  about  1,400°  C.  (2,550°  F.)  and  per- 
to  1,600    C.  (2,900""  F.). 
pity  that  full  details  on  the  lining  used  and  its  life  can  not 
I.  for  if  the  furnace  shows  reasonable  reliability  as  to 
.   h    service    it    ought  to   be   almost    free   from    lining 
i  copper. 

'.KRAI  TRIC  FURNACE  AT  UNITED  STATES  COPPER  PROD- 

UCTS CORPORATION. 

•    furnaces  is  metalled  at  the  plant  of  the  United 

t      Corp.      This    is    a     1 ',  ton     furnace,    run 

t     v"'    to    :'/2f>    kw.,    melting    copper,    which     is 

i      Ifelttng  DonforrotM  metali  nnri  thpir  alloy*  in  the  electric 

i    ii,  ||  m,  p    816     \  lektfii  '■•  w,l}" 

70    lf<  i  ■  i    P.  i» .  HI*  •  -iiiin-.u    allojn  q*  nickel  i 
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poured  at  1,200°  to  1,230°  C.  (2,200°  to  2,250°  F.).  Twelve  heats  per 
day  are  obtained.  The  power  is  on  about  1\  hours  per  heat,  and  it 
takes  three-fourths  of  an  hour  to  charge  and  pour.  In  average 
operation  it  is  reported  that  it  takes  550  kw.  h.  per  ton  of 
copper  on  24-hour  operation,  though  if  more  rapid  charging  and 
pouring  were  done  this  figure  might  perhaps  be  reduced  to  300. 
There  is  no  weighable  loss  in  melting  copper.  On  the  basis  of  about 
25  heats  made  with  this  furnace  on  60:40  brass,  it  was  thought 
that  by  hurrying  the  charging  and  pouring  to  cut  the  time  the  power 
is  off  to  15  minutes,  eighteen  1-ton  heats  could  be  made  in  24  hours. 

If  power  were  on  19  hours  out  of  the  24,  and  the  furnace  run  at  300- 
kw.  average,  the  power  consumption  would  then  figure  out  to  310  kw. 
h.  per  ton.  The  metal  loss  on  heavy  yellow  scrap  is  about  1  per  cent. 
The  representative  of  the  General  Electric  Co.  stationed  at  this 
plant  stated  the  furnace  did  not  work  well  on  fine  yellow  scrap  or 
turnings. 

With  a  Hybrand  brick  roof  the  furnace,  melting  copper,  gave  from 
from  125  to  180  heats.  At  12  heats  per  day,  this  means  putting  on  a 
new  roof  every  10  to  15  days.  In  the  General  Electric  plant  at 
Schenectady  the  longest  roof  life  in  melting  brass  so  far  reported 
was  350  heats.  The  use  of  corundite  is  expected  by  the  makers  to 
double  this  life. 

Xot  only  has  the  roof  given  much  trouble  on  the  furnace  at  the 
United  States  Copper  Products  Corp.  but  the  carborundum  hearth 
has  failed,  letting  metal  run  into  the  resistor  on  several  occasions. 
The  design  of  later  furnaces  has  been  slightly  altered,  lowering  the 
hearth  and  arranging  it  so  that  metal  is  less  likely  to  work  through 
into  the  resistor. 

A  spare  roof  must  be  kept  ready  to  put  on,  just  as  is  done  with  steel 
furnaces,  because  of  the  danger  of  the  roof  failing  at  any  time.  The 
furnace  is  purposely  constructed  both  as  to  walls  and  roof  with  so 
little  lagging  to  prevent  the  refractories  getting  too  hot  on  the  inside 
of  the  furnace  that,  in  contrast  to  most  electric  brass  furnaces,  it  is 
uncomfortably  warm  in  the  vicinity  of  the  furnace,  though  not  so 
hot  as  it  would  be  near  a  one-ton  fuel-fired  furnace.  The  Washing- 
ton  Navy  Yard,  Washington,  D.  C,  and  the  Ohio  Brass  Co.,  Mans- 
field, Ohio,  have  installed  lj-ton  General  Electric  furnaces. 

The  smothered  arcs  of  the  General  Electric  furnace  are  very 
similar  to  a  plan  suggested  by  Rennerfelt.54 

Rennerfelt  also  suggests  a  design,  evidently  intended  primarily 
for  melting  glass,  of  a  furnace  very  similar  in  principle  to  the  Gen- 


m  Rennerfelt,  L.,  1.  S.   Patents  1,306,167,  May  27,  11)10,  and  1,313,834,  AuK.  10.   lOl'.t. 
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KKvtrio  t'ui  i  ;    which.  ;i^  shown  in  figure  20,  three  smothered 

i  a  three-phase  circuit  arc  arranged  about 

the  rui  all,  the  centra]  part  of  the  furnace  containing  either  a 

i  or  crucibles.    Rennerfelt  emphasizes  t lu>  severe  treat- 


Ki  ■      Renherfelf  circular  furnace  design. 

n  arrangement  imposes  on  the  refractories  near  the 
ii  .;  reiterates  the  necessity  of  using  extremely  re- 
ik  at  such  points  on  this  account.  The  General 
:  ently  developed  a  modification  of  its  brass  fur- 
nace, which,  as  is 
shown  in  figure  21, 
Plates  X,  /?,  and 
XI,  is  similar  to  the 
Rennerfelt  scheme. 
The  Rennerfelt  plan 
uses  open  arcs  to  a 
bed  of  granular;  ma- 
terial, while  the  Gen. 
eral  Electric  tries  to 
avoid  open  arcs.  In 
the  new  General 
Electric  furnace, 
first  tried  in  an  800- 
pound  size  and  later 
developed  in  a  1,500- 
pound  and  larger 
sizes,  there  are  three 
elect  rodes  extending 
downward     through 

the    roof    to    three 

•  Ircular  furni 

beds   ol    granular 

ag  blocks,  wliich  are  electrically  con- 
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BULLETIN    202      PLATE    X 


A.  TWO   NOSE-TILTING    RENNERFELT   FURNACES  AT  THE   PHILADELPHIA   MINT. 


B.  FRONT  VIEW  OF  1,500-POUND,  250-KW.  HEARTH  CAPACITY,  GENERAL  ELEC- 
TRIC NONFERROUS  ELECTRIC  FURNACE  ARRANGED  FOR  NOSE  TILTING; 
MELTING   POSITION. 


BUR: 


BULLETIN    202      PLATE    XI 


•    PLATE  X.  Ii,  WITH   ROOF  LIFTED. 
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The  furnace  is  circular  in  form,  and  the  general  arrangement  of 
hearth  and  heat  source  is  quite  similar  to  that  in  the  Baily  furnace. 
Figures  obtained  in  the  General  Electric  Co.'s  works  55  on  the  new 
type  indicate  that  the  1,500-pound  250-kw.  size  will  melt  yellow 
brass  at  250  to  300  kw.  h.  per  ton,  24-hour  operation,  and  on  9-hour 
operation  at  325  to  375  kw.  h.  per  ton.  Metal  loss  on  an  alloy  with 
30  per  cent  zinc  was  1.14  per  cent  on  one  set  of  heats.  Electrode 
consumption  is  given  as  H  to  2J  pounds  of  graphite  per  ton,  and 
about  1  pound  of  granular  graphite  per  ton  is  required  also.  The 
life  of  the  lining  is  stated  to  have  been  remarkably  good  on  the 
experimental  furnaces. 

The  prices  of  the  General  Electric  furnaces,  complete  with  trans- 
formers, meters,  automatic  electrode  control,  switchboard,  etc.,  were, 
in  April,  1920,  as  follows : 

Table  33. — Claims  of  makers  of  General  Electric  furnaces  for  melting  brass, 

April,  1920. 


Kw.  h. 

per  ton 

on  brass 

Produc- 

Capac- 
ity. 

Kw. 

Price. 

heated  to 
1,100°C 

tion,  per 
hour  on 

24-hour 

24-hour 

contin- 

operation. 

uous 

operation. 

Pounds. 

Pounds. 

3,000 

400 

$17,000 

250 

2,250 

2,000 

250 

16,000 

275 

1,500 

The  General  Electric  furnaces  of  the  older  type  are  said  to  have 
operated  two  years  at  Schenectady  on  the  same  linings,  melting 
aluminum. 

The  same  sizes  as  are  used  on  brass  are  used  for  aluminum,  but  the 
transformer  capacity  supplied  is  lower. 

SUMMARY  ON  GENERAL  ELECTRIC  FURNACE. 

The  General  Electric  furnace  has  very  good  electrical  character- 
istics and  can  be  operated  at  a  low  labor  cost.  It  is  capable  of  a  good 
rate  of  production.  The  metal  losses  appear  low,  though  few  data 
on  alloys  high  in  zinc  are  available. 

The  design  of  the  furnace  is  thermally  inefficient,  the  transfer  of 
heat  from  its  source  to  the  metal  is  very  indirect,  and  there  is  a  good 
deal  of  waste  space  in  the  furnace,  yet  this  is  somewhat  compensated 
for  by  the  high  rate  of  power  input. 

The  weak  point  of  the  furnace  is  the  life  of  the  refractories. 
The  furnace  has  evidently  been  designed  with  the  object  of  making 
a  load  desirable  to  the  central  station.     That  object  has  been  fully 

See  Winno,  IT.  A.,  Recont  developments  in  electric  furnaces  of  the  muffled-arc  type  : 
Trans.   Am.   FJectrochem.   Soc,   vol.   41.      (In   pr 
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icbed,  ther  cjpjatteraa]  experience  must  be  obtained  with 

it  ;  relative  rahie  t<>  the  foundry  itself,  as  oompared  with 

oil  reiaJ  furnaces,  is  thoroughly  understood. 

has  criticized  the  design  of  the  Genera]  Electric  furnace. 

RENNERFELT  OR  HAMILTON  AND  HANSELL  REVERBERATORY 

FURNACE. 

A  ■  nt  use  ol  the  smothered  arc  as  a  heat  source  is  in  the 

nnerfelt  reverberatory  type. 

This  type,  shown  in  figure  22,  would  usually  be  made  tilting  in 
.  and  tapping  in  the  larger;  vertical  electrodes,  usually 


Secr/cm  aa 


1'LakTan  erator?  type  furnace:  a,  charging  door;  i>,  melt- 

ing cbi-  to  allow  for  expansion;  e,  tap  hole;  f,  eMm 

1 1 >  packed  ;  i,  alt  duct 

beating  trough  of  carborundum,  containing 

The  roltoge  used  is  LOO.    The  trough 

the  furnace,  with  hearths  for  metal  on 

avoids  the  limitation  oh  pWer 

ily  ineffici<  to  power  consumpi  ion.    It 

er  of  the  General  Electric  types,  as 

riddle  of  the  furnace  and  riot  near  the 

to  travel  sd  devious  i  path  before 

]     It,    1921,  p.  141, 

I     '•  I     \     aennerfell 

'.  Kdk,  vol.  22,  1920,  p.  . 


ARC   FURNACES.  151 

it  reaches  the  metal.  As  the  electrodes  enter  at  the  center  of  the  arch 
instead  of  at  the  ends,  and  the  roof  and  side  walls  are  both  farther 
from  the  source  of  heat,  the  refractory  life  should  be  much  increased 
over  that  in  the  General  Electric  furnaces. 

The  two  hearths  might  be  separate,  and  handle  two  different  al- 
loys at  the  same  time,  so  that  the  furnace  could  operate  on  separate 
1,000-pound  charges  with  the  efficiency  of  a  1-ton  furnace.  All  the 
advantages  of  polyphase  power  and  of  automatic  control  shown  by 
the  General  Electric  furnace  would  be  present  in  this. 

In  the  opinion  of  the  writers  the  location  of  the  heating  trough, 
embedded  between  the  two  hearths  and  below  the  metal  level,  is  a 
source  of  weakness,  as  analogous  construction  in  the  General  Electric 
furnace  caused  trouble  from  metal  working  its  way  into  the  trough. 
There  also  seems  to  be  danger  of  leakage  into  the  air  duct  provided 
below  the  trough  to  cool  it.  The  reliability  of  the  furnace  might  be 
largely  increased  if  the  air  duct  were  replaced  by  a  solid  carborun- 
dum brick  wall  between  the  two  hearths,  thus  making  the  construc- 
tion of  the  whole  hearth  solid,  and  if  carborundum  bricks  were 
placed  at  intervals  across  the  carborundum  wall  above  the  metal  level 
to  support  the  trough,  leaving  spaces  for  ventilation  and  radiation 
from  the  bottom  of  the  resistor.  When  the  trough  of  the  present  de- 
sign needs  repair,  both  hearths  will  have  to  be  partly  torn  out  and  re- 
built ;  the  proposed  design  would  allow  replacing  the  trough,  which 
is  doubtless  the  weakest  point,  without  interfering  with  the  hearths. 

Some  alteration  of  this  nature  was,  in  fact,  found  necessary  when 
the  furnace  was  put  to  an  actual  test,  since  the  makers  report  that  in 
a  trial  of  a  75-kw.,  300-pound  furnace  at  the  Chicago  Faucet  Co., 
early  in  1921,  it  was  found  desirable  to  raise  the  carborundum  trough, 
which  is  now  entirely  exposed.  On  brass  containing  60  per  cent  Cu 
and  40  per  cent  Zn  the  furnace,  when  fully  hot  (as  in  24-hour  opera- 
tion) has  melted  at  the  rate  of  330  kw.  h.  per  ton,  which  is  a  good 
performance  for  so  small  a  furnace.  The  metal  loss  is  about  1  per 
cent  on  heavy  scrap  and  2  per  cent  on  borings.  The  electrode  con- 
sumption varied  between  3  and  4  pounds  per  ton,  and  that  of  granu- 
lar carbon  in  the  resistor  trough  was  about  2  pounds  per  ton.  In 
one  day's  run  6  heats  of  300  pounds  each  were  made,  the  furnace  be- 
ing preheated  for  an  hour  in  the  morning.  The  first  heat  required 
one  and  one-half  hours,  later  heats  not  over  one  hour  each.  The 
makers  claim  360  to  480  kw.  h.  per  ton  on  red  brass,  8-hour  operation. 
The  net  loss  is  said  to  be  one-half  of  1  per  cent  on  red  brass. 

ARC  FURNACES. 

Direct-arc  furnaces  in  which  the  arc  plays  directly  on  the  charge 
have  found  but  little  use  on  copper  alloys  because  of  the  intense 
local  heat  of  the  arc,  which  supplies  heat  more  rapidly  to  the  surface 
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[ho  charge  than  it  con  be  carried  through  the  body  of  the  obarge 
n.    This  resultfl  in  local  overheating  ami  in  consequent 
latile  constil  uente, 
\c;ir>  ;iLrn  Slawianon" r,s    1  escribed  an  apparatus  for  melt 
metal  by  the  arc  for  such  purposes  is  filling  up  blowholes  in 
iys:  u Experiments  show  that  brass,  after  electrical 
oastinc;.  becomes  materially  altered  chemically  in  consequence  of 
burning  out  of  the  zinc." 

HEROULT-TYPE  FURNACE. 

II  made  an  experimental  heat  of  5,000  pounds  of  copper  in 

•i  H.  mult-type  steel  furnace,  usin<r  H  slag  1  to  i£  inches  deep.     Al- 
though the  average  temperature  of  the  metal  was  not  over  1,300°  C, 
either  volatilized  as  a  gas  or  tiny  particles  of  metallic 
echanically  ejected,  an<l  the  workmen  were  made  ill.    There 
i  copper  poisoning  at  the  Titanium  Alloy  Manufac- 
tur  when  making  titanium  copper  in  a  direct-arc  furnace,  two 

l>eing   nearly    killed   before   proper   ventilation    was   secured. 
There  is  evidently  a   real  danger  in  operating  a  direct-arc  furnace 
<>n  copper,  at   least   under  some  conditions.     In   any  experimental 
k  <>n  the  direct-arc  melting  of  copper  good  ventilation  should  be 
prw  ;   the  workmen  supplied   with  suitable   respirators  or 

mask-,  it  leas!  until  it  is  proven  that  no  dangerous  fume  will  be  given 
<>ff  under  tie-  conditions  of  operation. 

d  the  volatilization  of  copper  from  a  direct-arc  furnace  it 

old  probably  he  necessary  to  hold  the  power  input  down  to  a  rather 

10  as  to  allow  time  for  the  heat  to  become  more  uniformly 

1  through  the  melt.     Perhaps  some  method  of  moving  the 

fun  •  r  the  charge   would    work   in  this  case,  provided   the 

g  did  not  titer  the  distance  from  electrode  to  bath  sufficiently 

ire  to  hreak. 

-  to  have  been  no  trouble  due  to  copper  fume,  in  the 
of  din  furnaces  on  Monel  metal  or  bronze. 

"•pound   furnace  of  this  type  was  used   in   1915 

not  thereafter"  at  the  plant  of  the  Canadian 

melted   under  a  slag  of  molten  glass. 
I    "d  to  he  under  2   per  cent.      The   furnace  was 
1  of  high  zinc  content. 

*^ .    ...... 

■*uwu»r'  of  Oct,  i"..  iteai  nz&Qfi,  ivi..  u, 

1907  :  application   ni« 

El         rol    '•.    191  l.   p.  87  :    i:i<-r-trlc 
•       '  ■    ;   '"'  I  ran*      V      [t»Sl     Ifttttt,   vol     ♦;.    1912,   [>     IH) 
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The  Driver-Harris  Co.,  Harrison,  N.  J.,61  operate  two  basic  lined 
Heroult  direct-arc  furnaces,  rated  at  600  kw.  and  2  tons  capacity,  but 
up  to  3  tons  are  now  charged.  Three  heats  are  made  each  day  of  12 
to  14  hours  per  furnace.  Among  the  various  alloys  made  are  a  30 
per  cent  nickel  steel  and  one  with  85  per  cent  nickel  and  15  per  cent 
chromium.  The  furnaces  are  therefore  to  be  included  both  among 
those  melting  ferrous  and  those  melting  nonferrous  alloys. 

The  power  consumption  averages  650  to  750  kw.  h.  per  ton,  and 
the  consumption  of  carbon  electrodes  is  14  pounds  per  ton.  The 
roofs  last  only  about  25  heats.  The  gross  metal  loss  is  given  as 
about  2^  per  cent. 

Another  Heroult  furnace,  at  the  plant  of  the  Hiram  Walker  &  Sons 
Metal  Products  Co.,  Ltd.,  in  Walkerville,  Ontario,  is  melting  nickel- 
iron-chromium  alloys. 

Direct-arc  furnaces  of  the  Snyder,  Heroult,  and  Greaves-Etchells 
types  are  in  use 62  for  melting  such  alloys  as  nickel-chromium,  Monel 
metal,  and  cupronickel. 

SNYDER  TYPE  FURNACES. 

Haynes 63  stated  in  1917  that  though  three  electric  furnaces  of  the 
Snyder  type  had  been  used  in  melting  Stellite,  a  cobalt-chromium 
alio}7,  poor  results  had  been  traced  back  to  the  electric  furnace,  and 
the  electric  furnace  had  been  discarded  in  favor  of  melting  in  covered 
crucibles.  Mr.  Haynes  was  careful  to  say  that  he  did  not  mean  to 
assert  it  would  be  impossible  to  use  the  electric  furnace  successfully, 
and  that  investigations  were  planned  to  try  it  out  further. 

In  February,  1920,  Mr.  Haynes64  said  that  the  troubles  had  been 
overcome,  and  the  furnaces  were  now  giving  highly  satisfactory 
service.  The  power  consumption,  under  normal  conditions,  runs 
from  800  to  1,200  kw.  h.  per  ton.  In  work  on  Stellite  the  Haynes 
Stellite  Co.  has  been  able  to  get  as  much  as  3,000  heats  from  a  lining, 
an  astonishing  figure. 

A  60-kw.,  200  to  300  pound  Snyder  furnace  has  also  been  in  use 
on  a  cobalt-chromium  alloy  at  the  Chrobaltic  Tool  Co.,05  Chicago. 
111.,  which  is  said  to  get  out  about  one  heat  per  hour  when  the  fur- 

61  Compare  Easton,  W.  H.,  Electric  furnace  for  melting  alloys:  Elec.  World,  vol.  72, 
1918,  p.  205;  see  also  Major,  It.  M.,  Electrical  production  of  alloys:  Trans.  Am.  Elec- 
trochem.   Soc.   vol.   M.   192)0,  p.   441. 

«  Compare  editorial,  Met.  Ind.  (London),  vol.  14,  1910,  p.  Ill;  Etchells,  U.,  Met. 
Tnd.  (I/ondom,  vol.  14,  1019.  p.  118;  Easton,  W.  H.,  Electric  furnaces  for  meltini; 
alloys:  Elec.  World,  vol.  72.  1!»1S.  p.  L*:>."i  ;  Diller,  II.  10. ,  Foundry  standardizes  nickel 
alloy:  Foundry,  vol.  46,  1920,  p.  209;  Arnott.  J..  Ifonel  metal:  Metal  Ind.  (London). 
vol.  16,  1930,  p.  827;  Brooks,  (J.  I)..  Discussion.  Metal  Ind.  (London),  vol.  18,  1920, 
p.   346. 

aynes,  E..  Discussion,  Jour.  Am.  Inst.  Metals,  vol.   11,   r.H7.   p.  433. 

M  Haynes,  E.,  private  communications;  see  also  Haynes,  E..  Stellite:  Trans.  Am.  Elec- 
trochem.  Soc.  vol.  ::7,  1920,  p.  8£ 

B  anonymous,  Clirobaltie  cast    milling  cutters:   Machinery,  vol.  •_!(',,    1919,  p.  :<r>4. 
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nacv  is  fullv  hot  :  this  Bgurt  * orresponds  to  about  000  kw.  h.  per  ton 

The  root's  of  these  small  furnaces  are  said 
stand  up  to  i'"1  heats. 
1(  ;  Kit  the  (Jreen  direct-arc  furnace  would  melt 

DO  data  are  giftlL 

In        l  the  Metallurgic  Engineering  Co.  advertised  the  Snyder 

fur:  ;•  melting  braes,  stating:  "  If  you  are  making  copper  cast- 

oaductivity  purposes,  the  conductivity  of  electric  furnace 

much  higher;  if  you  are  making  brass,  the  loss  in  zinc  is 

Fbr  steam  and  hydraulic  lifting,  the  electrically  melted 

and  bronzes  are  more  dense  and   will  not  seep  under  high 

.    and  superheat."     Ob  attempting  to  get  full  data   from  the 

was  stated  that  a  H-ton,  300-kw.  steel  furnace  was 

I,  a  el.     .  pounds  copper,  GOO  pounds  zinc,  60  pounds 

..   and  >unds    brass   scrap,    or    2,060    pounds   total,   being 

melted   in  one  hour,  using  198  kw.  h.,  the  furnace  being  at  steel- 

melting  temperature  at    the  start,  and  hence  having  a  good  deal 

ed  heat.     A  thin  glass  slag  was  used.     No  figures  could  be 

n  metal  losses,  the  data  as  to  the  weight  of  metal  poured 

beh  .  but  the  statement  was  made  that  the  loss  was  between 

11    per  rent.     A    representative  of  the  Commonwealth   Edison 

who   had    witnessed   the   test   said   that   dense   clouds   of   zinc 

fun  olved  and  the  loss  appeared  to  be  high,  but  that  owing 

t«»  •  some  molten  steel  in  the  furnace  at  the  start  the 

i-    -out animated  with  steel.     The  test  was  worthless 

metal   lossefl  or  power  consumption,  though   i(    was 

the  I  for  the  advertisement.     The  firm  later  stated 

semen!    was   premature   and   a   mistake. 

GREAVES-ETCHELLS  FURNACE. 

A  red  are  Furnace,  1,000  pounds,  SCO  kw.,  is 

Manufacturing  Co.,  Detroit,  for  nickel-chro- 

mn 

elh    furnace   has   been   sold    to   the  Japanese 
.'     bronze   and    silvef,   and    still    another    has 

i  Dijon,  Prance,  for  nonferroue  alio} 

MiONWALL-DIXON  FURNACE. 

wall-l  i  pounds  capacity  at  the  ( Cleveland 

Bra«  land,  Ohio,  is  melting  "  Clebrium," 

LI   MKN  entl    chromium    and.    it    is   slid. 

I  iron.    The  furnace  might,  therefore,  be  clae  ed 
■  i  :/  furnaces  on  among  furnaces   tor 

I    Oil   of  the  alloy. 
'    :    '      ■      '•'"  ■      rr  fun  .<•      Iron    \:-     vol     KM    IM9,  p    loo:,. 
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SNYDER  FURNACE  OPERATING  ON  MONEL  METAL. 

A  1,000-pound,  150-kw.  Snyder  furnace  is  running  on  Monel  metal 
at  the  Monel  Metal  Products  Corporation,  Bayonne,  N.  J.;  its 
output  approximates  5,000  pounds  in  10  hours,  and  its  power  con- 
sumption about  600  to  850  kw.  h.  per  ton.  A  slag  about  J  inch  thick 
is  used.  The  total  loss  of  metal  in  the  foundry  is  given  as  about  2  to 
2J  per  cent,  but  exact  figures  for  the  melting  loss  are  not  avail- 
able. The  furnace  roof,  of  high-grade  fire  brick,  lasts  50  heats  on 
the  average,  and  has  lasted  for  90  heats.  The  hearth  is  made  of 
ganister  and  does  not  have  much  longer  life  than  the  roof. 

The  furnace  is  said  to  be  easier  to  operate  and  to  give  metal  of 
better  quality  than  that  from  an  oil-fired  reverberatory  with  pan- 
type  burner.  Great  care  is  taken  to  operate  with  the  furnace  tightly 
closed  to  avoid  oxidation.  It  is  stated 67  that  a  Moore  direct-arc  fur- 
nace, made  by  the  Pittsburgh  Electric  Furnace  Co.,  has  been  ordered 
for  the  Huntington,  W.  Va.,  plant  of  the  International  Metal  Co.,  to 
melt  Monel  metal. 

LABORATORY  TEST  OF  DIRECT-ARC  FURNACE  MELTING  YELLOW 

BRASS. 

In  April,  1915,  the  Bureau  of  Mines  built  a  direct-arc  furnace  in 
order  to  determine  the  metal  loss  in  melting  yellow  brass.  Instead 
of  a  tilting- type  furnace,  one  was  built  in  which  an  ordinary  No. 
30-graphite  fire-clay  crucible,  with  a  double  handful  of  chip  graphite 
in  the  bottom  to  protect  the  crucible  from  the  arc  when  starting, 
was  set  on  an  electrode  built  into  the  furnace  bottom.  The  upper, 
movable  electrode,  from  which  the  arc  was  struck  to  the  charge, 
was  a  2-inch  diameter  graphite  rod.  The  crucible  was  set  into  a 
fire-brick  inclosure,  only  enough  space  being  allowed  between  cru- 
cible and  walls  to  admit  the  tongs  for  lifting  the  crucible.  A  tight 
cover  (fire-brick  slab)  with  a  2-inch  diameter  hole  was  put  over  the 
t'n  in  ace  after  the  crucible  was  in  place,  the  upper  electrode  passing 
through  the  hole.  In  order  to  avoid  loss  by  spattering,  the  crucible 
was  not  filled  to  its  full  capacity  of  00  pounds,  only  50-pound 
charges  being  used.  The  furnace  ran  at  about  50  volts,  400  to  500 
amperes. 

Two  alloys  were  melted,  both  in  ingot  form,  no  new  metal  being 
used,  one  of  80  per  cent  copper.  15  per  cent  zinc.  2)  per  cent  tin, 
2J  per  cent  lead,  the  other  of  67  per  cent  copper,  33  per  cent  zinc. 
A  couple  of  pounds  of  green  bottle  glass  was  used  as  slag  on  the 
former,  and  about  3  pound-  of  suit  on  the  latter.  The  results  are 
tabulated   below. 

•"Editorial.  The  Foundry,  vol.   40,    1&21,   p.  583. 
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of  small  direct-arc  furnace  melting  alloy*  high 

in  :inc. 


l!<wl 


Tim*. 


in<  .:•■  ;. 


//. 

1 

1 

I 

1 

33 
33 


round*. 


Weight 

(if  incut 
poured. 


Pound*. 

f,.  BS 

17.  85 
5a  60 


W.-iirht 

Cram 

spittings 

and  from 
slag. 


round*. 

a  30 

L20 

|.« 

.30 


Total 

weight 
reco\ - 
ered. 


round*. 
10.  1(1 
!«•>.  B6 

7>0.  90 


Loss. 


Lbs.  I'.ct. 
a.iHJ  7.8 
t.  10     8.6 


4.05 
2.  15 


7.7 
4.6 


Pour- 
ing 

t(Mll- 

pera- 
ture. 


L1S0 

1.070 

1 ,  O.V) 

1,  140 


K'w.h. 

used. 


Jij 
l-j 

20) 
IS 


N     ther  alley  was  heated  as  hot  as  it  would  normally  be  heated 

in  commercial   |  A-  soon  as  the  alloy  had  started  to  melt 

t  clouds  of  zinc  vapor  came  out  about  the  clearance  around 

eing  the  only  opening  of  the  furnace  that  was 

'it  while  running.     The  furnace  was  set  up  outdoors. 

II  ide  it  would  have  been  impossible  to  have  completed 

:  of  the  fume.    As  losses  of  44  per  cent  on  a  K> 

;  ~  \  per  cent  on  a  83  per  cent  zinc  alloy,  melting 

libber  than  would  be  obtained  in   fuel-fired 

fun  rut  that  the  direct-arc  furnace  was  not  fitted  for 

hiffh  in  zinc. 


TESTS   OF   SMALL   SNYDER   FURNACE. 

I:  •'   •  [  February,  1916, a  600-pound  tilting  Snyder *8  fur- 

>    the  plant  of  the  Chicago  Bearing  Metal  Co., 
h  whose  court  epresentative  of  the  Bureau  of  Mines  was 

part  of  the  i.  ~t. 

single-phase,  rated  at  LOO  kw.    It  had  a  rammed- 
in  I  hearth,  bonded  with  Linseed  oil.  outside  of  which  ami 

a  Layer  of  rammed-in  No.  2G  J.  M.  asbestos 

of  silica  brick.     The  lower  electrode  was  a 

r  rod,  water  cooled  outside  the  furnace  and 

•  refractory  bottom  to  the  hearth.     The 
inch  diameter  graphite,  coming  down  ver- 

Of  the    roof.      The    roof,  electrode   and    all, 

ame  time  tilted  back,  by  a  handwheel,  so  that 

•  i   from  the  top.     A  sand  Sea]  between  roof 

■  lit.    A  pouring  spout,  closed  with 
lay  Luting,  was  provided,  through  which, 

deluding  the  electrode   Support,    Was    tilted 

■  1  could  be  poured.    Some  20  or  25 


191  I;  1,11  I    n.    i.   mm  ; 
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pounds  of  metal  was  usually  retained  in  the  bottom  of  the  furnace 
between  heats.  The  power  supply  was  GO-cycle,  4,400  volts,  which 
was  stepped  down  to  440  volts  and  then  by  a  second  transformer 
containing  a  good  deal  of  reactance  to  a  lower  voltage,  probably 
around  110  to  125.  A  portable  ammeter,  voltmeter,  wattmeter,  and 
watt-hour  meter  were  used  on  the  440-volt  side  of  the  second  trans- 
former for  test  purposes,  the  only  meter  provided  with  the  furnace 
being  an  inaccurate  wattmeter.  The  readings  for  the  test  were  made 
by  the  testing  department  of  the  Commonwealth  Edison  Co. 

The  alio}'  melted,  except  in  a  few  runs  on  a  }7ellow  brass  made 
at  the  bureau's  request,  contained  TO  to  75  per  cent  copper,  15  to 
20  per  cent  lead,  and  about  6  per  cent  tin,  the  balance  being  im- 
purities (zinc,  lead,  iron,  etc.).  Charges  were  made  up  of  about 
half  cupola  ingot  or  heavy  scrap  railroad  bearings  and  about  half 
heavy  borings  free  from  oil  or  gates.  The  charge  was  quite  free 
from  nonmetallic  material,  not  over  0.50  per  cent  being  present 
at  most.  Metal  losses  were  obtained  by  weighing  the  ladles  before 
and  after  pouring.  Ladle  skimmings  and  metal  spilled  in  pour- 
ing were  not  weighed  but  charged  back  with  the  next  heat.  Slag 
scraped  from  the  furnace  was  kept  separate  and  its  recoverable 
nonmetallic  content  calculated. 

The  power  input  to  the  furnace  averaged  about  70  kw.  and  was 
never  over  90  kw. 

RUNS    ON    YELLOW    INGOT. 

Three  heats  were  made  on  a  yellow  brass  ingot  of  G7.8  per  cent 
copper,  27.5  per  cent  zinc,  2.0  per  cent  lead,  1.5  per  cent  tin.  0.3 
per  cent  antimony. 

Heat  A. — The  furnace  was  hot  from  previous  runs  on  the  regular 
leaded  bronze,  but  had  cooled  somewhat  because  of  trouble  in  mak- 
ing contact  with  the  lower  electrode.  The  furnace  had  been  tilted 
clear  up  and  scraped  to  get  out  all  the  leaded  bronze  and  slag  that 
had  run  over  the  lower  electrode  and  frozen.  Five  hundred  and 
one  pounds  of  yellow  ingot,  plus  10  pounds  leaded  bronze  borings 
to  get  contact  between  electrode  and  charge,  was  charged,  plus 
limestone  and  a  little  sand  to  form  a  slag.  The  furnace  was  very 
tightly  closed  by  luting  with  fire  clay  about  the  spout  plug  and 
eleetrode,  and  very  little  fume  escaped  during  the  run.  Current 
was  on  1  hour  and  50  minutes,  but  only  9G  kw.  was  used,  the  power 
input  being  only  an  average  of  52  kw. 

The  furnace  would  not  take  any  more  power  than  this,  the  arc 
being  very  short  and  snappy,  no  matter  how  close  the  graphite 
electrode  was  brought  to  the  bath,  as  the  power  factor  was  amaz- 
ingly low.  running  from  L8  to  38  and  averaging  33.  When  the 
metal  was  poured  its  temperature  measured  in  the  ladle  was  only 
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cold  for  pouring  castings,  though  the  metal  poured 
I    without   much  skulling.     The  root',  furnace  walls,  spout, 

q    ut  plug  were  covered  to  ■  depth  of  one-half  inch 

.   mixture  of  line  oxide  and  metallic  zinc  which  had  distilled 

rge     \    the  local  o\  erheat ing  of  the  are.     When  this 

scraped  in  order  to  hare  a   fresh  surface,  it  hurned  with 

ristic    zinc    flame,   showing    the    presence    of   metallic 

1    ■         [%2$l    pounds  was  obtained  in  the  ladle  as  spillingS  and 

■   x-   m   the  sla<jf.     The  skimmings  weighed  47  pounds 

estimated  to  contain  75  per  cent  metallic  or  36  pounds. 

furnace   was   nol    drained  completely,  but  certainly  not  over 

-  Left  in  it. 

A-  i  total  of  511-|  pounds  was  charged  and  428^+35+20  pounds 

1.  the  nit  loss  was  about  28  pounds,  or  5J  per  cent. 

//  '  .- -To  <  heck  up  this  figure  two  more  heats  were  made, 

tin-  baa  g  hot  from  a  heat  on  bearing  bronze,  which  had  been 

ped  out  till  the  furnace  was  clean. 

In  h<  ii  B  the  arc  was  on  two  and  one-half  hours,  108  kw.  h.  being 

i.     The  I  power  input  was  43  kw.,  but  the  power  factor 

i  tki'ii.     The  metal   was  poured  at  1,090°   C.     Cupola  slag, 

-s.  and  lii:  were  used  as  slag.    In  heat  C  the  arc  was  on  1 

i     ad  48  minutes,  v!  kw.  h.  being  used.    The  average  power  input 

.  tlu'  |m)\vi  r  factor  varying  from  20  to  44  and.  averaging  33. 

metal  was  poured  ;lt  1,070    ('.    Little  zinc  fume  escaped  during 

clouds  <ame  out  while  pouring.     In  these  two 

7  pounds  ingot  was  charged,  and  925^  pounds  wTere  weighed 

•  the  ladles.    The  furnace  was  scraped  clean  after  heat  C.    From 

gs  1  pounds  of  large  chunks  were  picked.    The  balance 

skimming  .  53  pound-,  contained  47  pounds  metallic,     lie- 

17=976]  pounds;  Loss,  K)J  pounds,  or  4.4  per  cent. 

metal    from    heats    I>   and   C   showed,   respectively,  71.8 

■.  _-  ceni  zinc,  and  69.7  per  cent  copper,  25.3 

original  ingot  carried  67.6  per  cent  copper,  27.5 

pared  with  this  27.5  per  cent,  the  average  zinc 

of  the  product,  indicates  a  loss  of  about   I  \ 

•.  whil<  '.:i\inLr  \<'!t  accurate  figures,  show  plainly 

Furnace,  causing  l<  (  l  to  5  per  cen<  on  yellow 

n  no  more  be  considered  for  melting  alloys 
in  open  (lame  oil  rurna 

'  made  in  England  during  the  war  in  which 
•  i  handle  yellow   brass   in   a   direct  -arc 
furnace. 
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In  these  three  heats,  yellow  brass  was  heated  to  an  average  tempera- 
ture of  less  than  1,050°  C,  in  a  hot  furnace,  at  an  average  rate  of  380 
kw.  h.  per  ton. 

RUNS  ON  LEADED  BEARING  BRONZE. 

Though  the  furnace  was  plainly  useless  for  yellow  brass,  it  worked 
better  on  the  leaded  bearing  bronze,  as  is  shown  by  the  data  below 
on  two-day  runs. 

In  order  to  keep  the  furnace  hot  it  was  filled  with  coke  at  night, 
and  enough  air  was  allowed  to  enter  to  keep  the  coke  smoldering. 
The  coke  was  scraped  out  the  next  morning.  On  each  heat  in  the 
test  given  in  Table  30,  600-pound  charges  were  used.  The  charge  was 
half  ingot  or  heavy  scrap,  half  heavy  borings  or  gates,  save  in  heats 
2,  3,  and  4  of  February  10,  when  the  charges  were  concentrates  from 
ashes  and  skimmings  from  the  foundrj^s  reclaiming  plant. 

Table  35. — Test  of  600-pound  Snyder  furnace  melting  leaded  bronze. 


Date. 

Heat 

No.a 

Power  on. 

Power  off. 

Arc  on.& 

Kw.  h. 
used. 

Temper- 
ature in 
ladle. 

Feb.     9 

1 

2 
3 

4 
5 
1 
2 
3 
4 
5 

7.00  a.m.. 

9.06  a.m.. 
11.01a.m. 
1.00  p.m.. 
2.55  p.  m . . 
7.04  p.m.. 
9.19  p.m.. 
11.12p.m. 

1.07  a.m.. 
2.45  a.m.. 

9.06  a.m.. 
11.01a.m. 
1.00  p.m.. 
2.55  p.  m.. 
4.50  p.  m. . 
9.19  p.m.. 
11.12p.m. 

1.07  a.m.. 
2.45  a.m. . 
4.35  a.m.. 

H.m. 
1    50 
1    47 
1    30 
1    40 

1  48 

2  00 
1    40 
1    43 
1    23 
1    35 

132 
132 
108 
108 
108 
132 
108 
108 
108 
108 

°C. 

9 

1  130 

3 

1  170 

4 

1  140 

10 

1,250 

c  1,150 

a  Total  for  10  heats,  6,000  pounds. 

&  Average  time  on,  1  hour  and  46  minutes. 

c  Average,  383  kw.  h.  per  ton. 

In  the  test  in  January,  when  an  operator  was  on  the  job  who  main- 
tained a  higher  power  input,  and  hence  only  averaged  1  hour  and 
36  minutes  for  the  time  the  arc  was  on  per  heat,  and  the  metal  was 
poured  with  little  delay,  so  that  six  heats  were  made  per  10-hour 
day;  the  average  of  several  daj^s  was  350  kw.  h.  per  ton. 

In  27  heats,  with  the  regular  bearing-metal  charge,  15,468  pounds 
were  charged  and  15,138  pounds  metal  were  weighed  in  the  ladles,  a 
gross  loss  of  2.13  per  cent;  431  pounds  slag  contained  7  per  cent 
copper  and  was  calculated  to  contain  5  per  cent  recoverable  metal,  or 
21J  pounds,  making  the  net  loss  1.99  per  cent. 

In  17  later  heats  of  the  regular  bearing-metal  charge  (heats  on 
concentrates  not  being  considered)  on  which  data  were  taken  by  the 
bureau's  representative,  9,978  pounds  were  charged  and  0,767  pounds 
were  weighed  in  the  ladle;  and  281  pounds  slag  were  obtained,  esti- 
mated to  contain  14  pounds  recoverable  metallic,  a  gross  loss  of  2.12 
per  cent,  or  a  net  loss  of  2  per  cent. 
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m  this  9  pet  cent  net  loss  should  be  deducted  about  I  per  cent 

metallic  in  the  charge,  leaving  the  true  net  loss   L.5  per  cent. 

t  !•  sses,  not  deducting  for  nonmetallic  in  the  charge^  on  the 

•rial   melted   in   tin-  other   firnacm  at   this   plant,   were 

said 

Per  cent 

Oil-fired  crucible  lift-out   furnace iiA 

•inur  crucibl<  i  draft,  coke     2J 

Open-flame  oil        r>$ 

(  hit   i  nt   in  the  open-flame  oil   furnace  3  per  cent 

repi  i  la  lead  added  in  the  ladle  to  compensate  for  the  lead 

burnt  out  or  volatilized  in  the  open-flame  furnace  to  make  the  prod- 
analyze  the  -  us  that  from  the  crucible  furnaces* 
I  h                           slag   formation  in   the  open-flame   furnace  and  of 
much  charge  being  dropped  into  the  ashes  in  the  coke  furnace,  from 
which  it  had  to  be  recovered  in  the  reclaiming  plant,  the  distribution 
oi  the  m  fal  charged  to  the  different  furnaces  was  as  follows,  ac- 
i  the  plant  records : 

i  lb  i  3G     Distribution  <>f  metal  charged. 


Kurnu<  e. 


Crucible !  ' 
OT«n-flan» 


In  cruci- 
ble or 
ladle. 


95 

85 
90 

<J7.  U 


For 

recovery 

in  slag  or 

ashes. 


Per  cent. 

2.5 

12.5 

4.5 

.1 


Lost. 


l'i  r  c  ii. 
2.5 
2.5 
5.5 
2.0 


ible  tilting  coke  furnace  much  of  the  heavy  gross  loss 
pilling  the  charge  outside  the  crucible  into  the  coke  in 
chargii 

The  600-pound   furnace  ran  smoothly,  was  kept  tight   by  Luting 
the  spout  and  tl  •  rounc)  the  electrode  so  that  the  furnace  did 

itich  fun.'  .  much  cooler,  and  was  Less  irksome  gen- 

fired   liirnaces.     The  power  factor  of  the 
fun  mly  low,  and  varied  greatly  with  the  conditions 

«<f  i  .  particularly  with  the  nature  of  the  slag. 

•  in  the  yello  wa    not  fluid,  but  crusty, 

her  than  skimmed.     In  the  regular  bearing- 

in  which  in  walnut  or  large  size  was  added 

to  I  nail  amount  oi'  sand  on  the  gates  and  with 

ind  'in  I  ith  the  spilling  ,  the    Lag  was  also  more 

The  addition  of  limestone  gave  a  good  fluid  slag 

1  few  h  it.'  .  from  the  r<  <  [aiming  plant, 

I   luri  iid  ash   from  the 

•  furn  .  •         Ph(  tion  in  power  factor  i-  shown  below : 
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Table  37. — Variation  of  power  (actor  in  melting  different  materials  in  600-poiwd 

Snyder  furnace. 


Material. 

Average 
kw. 

Average 
kv.  a. 

Average 
power 
factor. 

Lowest 
power 
factor. 

Highest 
power 
factor. 

Slag. 

Yellow  brass 

:-, 
70 
09 

130 

123 

93 

33 
55 
72 

18 

27 
55 

44 
89 

Crusty 
Do 

Bearing  metal 

Concentrates 

FluiJ. 

In  an  atmosphere  of  zinc  or  lead  vapor  and  with  a  crusty  slag, 
which  probably  causes  the  arc  to  play  directly  on  metal  rather  than 
on  slag,  the  power  factor  obviously  is  amazingly  low,  whereas  in 
melting  concentrates,  which  are  practically  free  from  zinc  and  low 
in  lead,  with  a  fluid  slag  that  can  produce  arc-supporting  vapor,  as 
in  a  direct-arc  furnace  operating  on  steel,  the  power  factor,  though 
low,  could  be  tolerated. 

The  plant  decided  that  a  600-pound  furnace  was  too  small  a  unit. 
The  test  indicated,  however,  that  the  installation  of  1-ton  furnaces, 
especially  if  they  were  run  20  to  24  hours  a  day,  would  effect  notable 
savings  through  the  elimination  of  crucibles  and  the  reduction  of 
metal  losses;  the  crucible  furnaces,  therefore,  were  replaced  by  two 
1-ton  Snyder  furnaces,  and  two  1-ton  Eennerfelt  furnaces  were 
added  later.  The  open-flame  oil  furnaces  continue  to  be  used  when 
the  demand  for  metal  exceeds  the  capacity  of  the  electrics,  or  when 
an  electric  is  down  for  relining;  but  the  great  bulk  of  the  production 
comes  from  the  electric  furnaces. 

The  Chicago  Bearing  Metal  Co.  makes  large  railroad-car  bearings, 
used  as  backing  for  babbitt  liners;  on  these  bearings  considerable 
variation  in  composition  is  allowable  and  they  have  to  pass  no  severe 
tests.  The  question  of  improved  quality  in  their  manufacture  was 
not  paramount,  as  the  open-flame  oil  furnaces  produce  metal  of 
satisfactory  quality  for  the  purpose.  Under  these  conditions  the 
usefulness  of  the  furnace  lies  almost  entirely  in  quicker  production, 
the  principal  and  almost  the  sole  aim  in  the  operation  of  furnaces 
being  large  output. 

Two  single-phase  1-ton  furnaces  with  700-kv.  a.  transformers, 
built  on  the  same  general  design  as  the  600-pound  furnace,  were 
installed,  but  it  was  found  that  on  some  points  their  action  was  not 
quite  like  that  of  the  smaller  furnace.  Figure  23  shows  the  design 
of  the  single-phase  furnace. 

It  proved  impossible  to  lute  the  spout  and  electrode  tightly  enough 
to  prevent  the  escape  of  metal  vapors  or  to  prevent  the  entrance  of 
air.  The  pressure  developed  inside  the  furnace  was  so  great  that 
the  luting  was  blown  out;  if  the  luting  were  held  in  place  mechani- 
cally the  bricks  in  the  roof  were  loosened  until  sufficient  vent  was 
made  for  the  vapor  to  escape. 
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fiiniaas  ha\o  regularly  been  run  with  the  spout  plugged 
at  all,  and  with  plenty  of  clearance  about  the  electrodes. 
!t  the  metal  losses  have  been  greater  than  was  indicated 


FlCCkr  23. — Hnyter  6  ir^nff-AOOT    lirn-:    h,   foundry    ll'ior. 

and  the  working  conditions  as  to 

n  much  !  han  with  the  open  flame 

furnaces,     n  nstall   hoods  and    fans  to 

to  avoid  dangei  from  lead  poisoning; 
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in  the  first  few  weeks'  operation  of  the  large  furnaces  several  work- 
men were  seriously,  though  temporarily,  affected  by  the  lead  and 
antimony  fume. 

IMPROVEMENTS  IN  SNYDER  FURNACE. 

Inasmuch  as  power  is  purchased  on  a  schedule  calling  for  a  pen- 
alty when  the  power  factor  of  the  total  supply  to  the  plant  is  under 
TO,  and  as  the  average  power  factor  of  the  Snyder  furnaces  has  been 
much  below  that  figure,  constant  effort  has  been  made  to  improve 
the  power  factor.  An  attempt  at  improvement  was  made  soon  after 
the  installation  of  the  furnaces  by  removing  from  one  furnace  most 
of  the  reactance  that  had  been  put  into  the  transformer  to  stabilize 
the  arc.  In  consequence  the  furnace  drew  such  an  excess  of  power 
that  an  almost  new  silica-brick  roof  was  melted  down  promptly. 
Part  but  not  all  of  the  reactance  was  then  replaced.  This  reduction 
in  reactance  raised  the  power  input  that  could  be  conveniently  held 
to  about  420  kw.  instead  of  360  kw.,  which  was  all  that  could  be 
conveniently  held  when  the  original  reactance  was  in  use.  Most  of 
the  later  attempts  at  improving  the  power  factor  dealt  with  the  fur- 
nace itself  and  its  method  of  operation  rather  than  with  the  react- 
ance of  the  circuit.  The  furnaces  use  an  open-circuit  voltage  of 
about  205,  which  drops  under  load  to  an  arc  voltage  that  varies  from 
100  to  160  volts,  depending  on  the  position  of  the  electrode  and  the 
resulting  length  of  the  arc,  but  averages  about  130. 

Until  recently  the  furnaces  were  hand  operated.  An  arc  long 
enough  to  draw  the  higher  voltage  can  not  be  readily  maintained 
while  the  cold  charge  is  melting  down,  especially  if  the  charge  is 
mostly  made  up  of  large  chunks  such  as  ingot  or  of  scrap  bearings. 
If  a  considerable  percentage  of  borings,  concentrates,  or  other  small 
pieces  is  present,  a  pool  of  molten  metal  is  more  readily  formed  and 
the  maintenance  of  an  arc  at  the  higher  voltage  is  possible. 

The  operator  can  hold  the  arc  at  145  volts  if  he  gives  it  constant 
attention,  but  owing  to  the  inherent  reactance  in  the  circuit  and  to 
that  in  the  furnace  transformer  if  he  sets  the  arc  at  a  length  where 
it  will  burn  steadily  with  little  or  no  hand  regulation  this  length 
draws  125  to  130  volts.  St.  John70  gives  a  curve  showing  that  at 
110  volts  the  power  factor  is  47,  at  125  it  is  55;  if  the  arc  voltage  is 
held  up  to  160,  the  power  factor  rises  to  68. 

In  the  regular  running  of  the  hand-operated  furnace  the  voltage 
averages  125  to  130  and  the  power  factor  55  to  56.  This  power  factor 
is  so  low  that  it  involves  an  expensive  penalty  in  the  power  bill. 
The  motor  load,  and  especially  the  use  of  the  Eennerfelt  furnaces, 
which  have  a  power  factor  well  above  70,  increase  the  total  plant 

EK.   John,   H    M.    Commercial   testing  of  nietallm-Kical  electric   furnaces:  Cbem    and 
Met.  Eng.,  vol.  21,  1919,  p.  383. 
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that  fche  penalty  Ea  mah  less  than  it  would  be  if  the 

re  all  Snyders. 
•  plenty  of  ooke  on  the  surface  of  the  melt,  so  that 
drawn  between  the  graphite  electrode  and  tho  coke, 

n  the  electrode  and  the  metal,  the  amount  of  metal 
arc  was  reduced,  the  arc  length  increased,  and  the 

I  >o  that  a  power  factor  of  73  could  be  obtained.    The 
:   adopted  because  of  the  contamination  of  the  -metal 
bur  in  the  coke. 

rushed  electrode  scrap,  which  would  be,  free  from 

bur,  1  ggested,  and  obviously  is  worth  trying,  but  so 

far       '    known  has  not  been  tried  out.    The  first  furnace,  rated  at 

1  t-  en  charges  of  3,000  pounds,  and  turned  out 

15  tons  in  24  hours,  at  a  power  consumption  of 

kw.  h.  per  ton,  with  a  power  factor  of  about  55.     The 

>tion  v.  as  about  5  pounds  per  ton.    The  first  linings 

or  rammed   in  carborundum,  coke  dust,  and  fire  clay 

2  L-hour  tests  of  the  1-ton  Snyder  furnaces  made  in  1917  with 

furnace  made  38  heats  of  2,000  pounds  each  in 

it  an  a     •  ige  power  consumption  of  285  kw.  h.  per  ton; 

56;  the  other  made  40  heats  in  48  hours,  at  an 

.  h.  per  ton.     One  furnace  made  10  consecutive  heats 

in  11  1.  minutes,  at  an  average  power  consumption  of  271 

kw.  rying  from  254  to  288.     Four  consecutive  heats  were 

:»'d  kw.  h.  per  ton.     This  period  was  exception- 

rrotn  d  h  as  waiting  for  the  crane  to  handle  tbe 

l.eing  occupied  by  anything  other  than  charg- 

tii  i      The  furnace  ran  at  an  average  power  in- 

1  kw.,    hi  average  voltage  of  121,  and  an  average  power 

fche  whole  tesl  (52  heats,  65  hours)  of  the  furnace  the 

•   I  285  kw.  h.  per  ton.     The  arc  was  on  57 

per  cent  was  occupied  in  pouring,  charging, 

6    per  cent    wafi    Lost   through   electrode  troubles. 
bo  poorly  fitting  joints:  3  per  cenl  through 
motor;  and  11  per  cent  through  delays  uo1 
If. 

'  '<   delays  it  Bhould  be  possible  to  make  21 

w.  h.  per  ton,  on  this  Leaded  bearing  metal, 

•'  .  (2,100°   K).    This  large  production  is 

'  input,  about  400  kw.,  and  in  part  due 

:  >       [ble  by  tin'  design  of  the 

i  apidly  and  tilted  back  to  open 
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completely  the  top  of  the  furnace,  and  the  charge  may  be  dumped 
in  from  a  bucket  or  clam  shell  without  any  handwork  save  a  little 
poking  to  arrange  the  charge. 

METAL  LOSSES. 

Metal  losses  were  determined  on  42  heats  of  this  test,  though  not 
with  a  great  degree  of  accuracy.  The  net  loss  was  about  4J  per 
cent;  that  is,  much  greater  than  the  loss  with  the  smaller  furnace, 
more  than  on  fuel-fired  crucible  furnaces,  and  only  1  per  cent  below 
that  given  by  the  open-flame  oil  furnace.  This  loss  is  due  obviously 
to  volatilization  of  lead  and  antimony,  the  latter  being  an  impurity 
arising  from  the  use  of  scrap  hard  lead  as  a  part  of  the  charge  in 
the  making  of  the  bearings.  Any  lead  to  be  added  to  the  charge  is 
not  put  into  the  furnace  but  is  added  in  the  ladle. 

The  metal  losses  on  the  whole  year's  operation  of  the  Snyder  and 
Rennerfelt  furnaces  together,  calculated  on  an  inventory  basis,  were 
somewhat  lower  than  those  found  in  the  tests,  and  though  the  Ren- 
nerfelts  are  conceded  to  give  somewhat  lower  metal  losses  than  the 
Snyders,  thus  reducing  the  figures  of  metal  loss  when  the  results 
of  both  types  of  furnace  are  lumped,  it  is  doubted  whether  this 
difference  is  enough  to  give  the  inventory  figure  if  the  average  loss 
with  the  Snyders  was  as  great  as  indicated  by  the  tests.  It  there- 
fore seems  probable  that  the  net  loss  for  the  Snyders  is  between 
3  and  4  per  cent  rather  than  above  4  per  cent. 

The  fact  that  lead  may  be  volatilized  from  copper  by  a  direct  arc 
is  utilized  by  Hill  and  Luckey 71  for  rapid  determination  of  the  lead 
content  of  copper.  They  play  a  220-volt  arc  0.5  cm.  long,  at  10 
amperes,  on  0.4  gram  of  copper,  observe  the  arc  spectrum  through  a 
spectroscope,  and  record  the  time  required  for  the  lead  lines  to 
disappear.  This  time  is  proportional  to  the  lead  content  of  the 
copper.  In  two  minutes  0.016  per  cent  lead  disappears,  and  in  eight 
minutes  0.216  per  cent. 

It  is  not  surprising  then  that  a  direct  arc  playing  on  an  alloy 
with,  say,  15  per  cent  lead  should  cause  a  distinct  loss  of  lead. 

According  to  figures  from  the  Chicago  Bearing  Metals  Co.,  in  49 
working  days  (two  shifts  of  nine  and  one-half  hours  each)  in  De- 
cember, 1917,  and  January,  1918,  the  two  Snyder  furnaces  together 
melted  2,600.000  pounds,  or  about  13J  heats  of  one  ton  each  per 
furnace  per  19-hour  (two-shift)  day. 

The  average  cost  of  materials  uc?d  for  relining  the  Snyder  fur- 
naces for  three  months,  exclusive  of  labor,  was  21-1  cents  per  ton. 
The  roofs  were  made  of  fire  brick,  the  hearths   (rammed  in)   of  a 

71  Hill,  C.  W.,  and   Luckey,   G.   P.,  The  spectroscopic  determination   of  small   amounts 
of  load  in  copper:  Trans,  a  in.  Electrocnem.  Soc,  vol.  32,  1917,  p.  836;  Met  and  Chem. 
...  vol.  17,  1017,  p.  659. 
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\   four  parts  carborundum  tiro  saiul,  two  parts  fire  clay. 
and  one  part  molasses.    The  labor  charge  would  probably  make  the 
enta  per  ton. 

REPAIR    COSTS. 

erage   electrode  consumption   for  throe   months   was  2.9 

pounds  per  ton.  which  does  not   include  losses  from  breakage,  the 

ken  pieces  being  used  as  stock  for  machining  nipples  for  the 

nerfeh*  electrodes.    On  a  one-week  test,  in  which  1G3  tons  were 

malted,  578  pounds  were  actually  consumed  and  159  pounds  broken 

re   a  A    aside  as  nipple  stock.     The  total  consumption  was 

iunds  per  ton:  aside  from  breakage,  3^  pounds  per  ton. 

At  8  pounds  per  ton.  at  the  1918  price  of  25  cents  per  pound  for 

•  Kite  electrodes,  the  electrode  cost  is  75  cents  per  ton.  No 
war  led  ring  such  as  is  common  on  steel  furnaces  is  used  where 
the  electrode  enters  the  roof,  so  that  the  electrode  becomes  red-hot 
for  some  distance  outside  the  furnace  and  burns  away  on  the  sur- 

ibove  the  roof.     Suitable  water-cooling  or  a  suitable  "econo- 
mii  it  the  point  of  entrance  might  reduce  the  electrode  con- 

ation. The  total  <<»st  of  upkeep  for  refractories,  the  labor  in 
relining.  and  for  electrodes  was  therefore  about  $1.10  per  ton. 

DATA   ON   OPERATION. 

April.    1918,   through   the    courtesy  of  the   Chicago   Bearing 

.  a  representative  of  the  Bureau  of  Mines  was  permitted 

•  Joe  the  data  on  the  regular  operation  of  the  Snyder  furnaces 

whi  i  about    140  tons  of  metal.     Fifty-two  heats  were  run 

in  oa«-  furnace  in  four  days  each:  heat  was  1  ton  (except  one  1,500- 

I     it)  of  leaded  bearing  bronze  and  13  heats  were  melted  in 

•  ■•  boon   (tn  tour  shifts),  103,600  pounds  were  melted 

■   I  kw.  h..  or  278  kw.  h.  par  ton.    If  the  first  two  heats  made 

the  cooling  period  between  shifts  be  excluded,  to  compute  re- 

24-hour  basis,  the  power  consumption  required  was  at  the 

■  kw.  h.  per  ton. 
Ol    M  heats,  from  pounds  of  the  leaded  bearing  metal,  less 

ted  Qonmetallic,  or  67,453  pounds  metallic  charged, 

red  (weighed  in  the  ladles),  giving  a  gross 

\2  pour,  I-  or  5.1  per  cent.    The  2,526  pounds  slag,  estimated 

Metal  (  o.  t£  25  per  cent  recoverable  metallic, 

1  pound-,  or-  to  J.15  per  cent  net  loss. 
In  I  '  !'  1   ton  each  of  Leaded  bearing 

eraging  about    18  hour-.  72,000 


l*u  ftround    furnace   ele<  Foundry,    rol    18,    1920, 
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pounds  total  were  melted  with  11,050  kw.  h.,  or  306  kw.  h.  per  ton. 
The  reason  for  power  consumption  being  more  in  this  furnace  than 
in  the  other  is  partly  the  shorter  running  time  and  partly  the 
larger  delays,  not  due  to  the  furnace.  It  is  also  probable  that  the 
average  pouring  temperature  of  the  output  of  the  second  furnace 
was  somewhat  higher. 

The  average  of  both  furnaces  for  88  heats  was  290  kw.  h.  per  ton 
on  18  to  19  hour  two-shift  operation.  While  the  arc  was  on  the 
average  power  input  was  about  310  kw.  The  average  power  factor 
on  a  week's  test,  made  by  the  meter  department  of  the  Common- 
wealth Edison  Co.  at  this  time,  was  35  for  one  Snyder  furnace  and 
37  for  the  other.  As  these  furnaces  were  designed  to  give  a  power 
factor  of  about  70,  it  seems  probable  that  part  of  the  low  power 
factor  resulted  from  the  arc  containing  the  vapor  of  volatile  metals 
such  as  lead  or  zinc. 

A  power  factor  of  36  was  obtained  in  this  1918  test,  one  of  55  in 
the  1917  test,  and  one  of  50  in  the  1919  test.  The  effect  of  these 
factors  on  the  cost  of  operation  can  be  realized  by  noting  that  power 
was  bought  under  a  contract  having  the  usual  demand  charge,  in 
this  case  $1  per  month  per  kw.  maximum  demand,  as  shown  by  the 
demand  meter,  plus  an  energy  charge  of  about  1.21  cents  per  kw.  h. 
for  the  first  30,000  kw.  h.,  0.68  cent  for  the  next  70,000  kw.  h.,  and 
about  0.50  cent  for  power  above  a  total  of  10,000  kw.  h.  If  the 
power  factor  under  average  operating  conditions  is  under  70,  it  is 
provided  that  the  demand  charge  shall  be  multiplied  by  70  and 
divided  by  the  actual  average  power  factor.  The  average  demand 
of  the  two  Snyder  furnaces  together  is,  say,  600  kw. 

Table  38. — Effect  of  power  factor  on  cost. 


Power  factor. 


70  or  over 
55 

50 

36 


Monthly  demand 
charge. 


70 


$600.00 


600X55=     7(i3- B 

70 
600X573- 

70 


8-10. 00 


800X3g-l,166.66 


Excess 
monthly 
cost  from 
low  power 

factor. 


163.63 
3-10.00 
568. 66 


Excess 

yearly  cost 

for  two 

furnaces. 


$1, 963. 56 
4,080.00 
6,800.00 


Suppose  the  two  furnaces  produce  metal  at  the  rate  of  30  tons  a 
day  on  24-hour  operation,  20  tons  a  day  on  19-hour,  two-shift  opera- 
tion, or  10  tons  a  day  on  8-J-hour,  one-shift  operation,  the  output  per 
furnace  per  year  of  300  working  days  would  then  l>e  as  follows: 
21  hours,  9.000  tons;  19  hours,  6.000  tons;  8 J  hours,  3,000  tons. 
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Tabi  i  39      Yearly  e»ce$t  co$i  from  low  power  {actor. 


Power  tin 

Excess 
cost  ]><<r 
furnnce 
a  year. 

Approximate  Bxceai  cost  per 
Ion  a  year. 

24  hours. 

19  hours. 

S^  hours. 

7                                             

None. 
1881.78 

2.040.00 
3, 400. 00 

None. 

10.10 

.23 

.38 

None. 

$015 

.34 

.57 

None. 

55...                                                                        

$0.  30 



.08 

36 

in 

In  1918  the  Chicago  Bearing  Metal  Co.  was  using  the  two  Snyder 
and  two  Rennerfelt  furnaces  two  shifts,  and  three  2,000-pound  capac- 
ity open-flame  oil  furnaces  one  shift,  on  leaded  bearing  bronze.  A 
few  small  oil-fired  crucible  furnaces  were  running  one  shift  on 
yellow  brass  and  manganese  bronze,  no  attempt  being  made  to 
operate  the  electric  or  the  open-flame  furnaces  on  these  high-zinc 
alloy-  because  of  the  metal  losses  being  higher  than  in  the  crucible 
furaaa 

IMPROVEMENTS. 

In  1919  I  1  Electric  (Seede)  regulators  were  put  on  the  two 

Snyder  furnaces  in  order  to  save  Labor,  one  man  (with  help  during 

cha  ind  pouring)  operating  two  furnaces,  whereas  with  hand 

in  irac  required  per  furnace.    It  was  hoped  that  the 

ite  of  power  input  would  be  increased  and  the  power  factor 

ed  by  holding  a  longer  arc  and  hence  taking  a  higher  arc  voltage 

□  with  hand  regulation.     It  was  found  possible  to  hold  a  higher 

power  input, so  high  in  fact  that  the  transformers  would  not  withstand, 

niit  [indue  1  i*-:t t i mr.  the  rate  of  power  input  that  gave  maximum 

output   an  ma!  efficiency.     In  52  days  of  nine  hours  each  one 

Snyder  furnace  melted  952,441   pounds,  or  47C>  tons,  in  458  hours; 

der  furnace  melted  874,000  pounds,  or  438  tons,  in  405 

Both  furnaces  together  produced  904  tons  in  923  hours,  or 

about    1,950   pounds   per   hour,   running  single  shifts  of  nine  hours, 

wit!  tic  control  of  electrodes.    The  power  consumption  was 

reduced  t<>  about  800  kw.  h.  per  ton  for  the  Leaded  bearing  metal; 

that  is,  almost  to  the  1917  figure  for  24-hour  operation  with  hand  con- 

of   th  ThU    power   input    had   to  be   reduced    in   order   to 

r-l   the  ti  n   this   low    power  consumption   could 

I. 

of  cheap   fire   brick,   last   t>0  to    1  1"   heat9,  spare 
>pt    00   hand.     The   r;irnmed-in   carborundum   and    fire- 
clay hearth  li 

maintained  at  BO  to  55,  but  to  raise  it 
;d*  f  hew!  possible,  although  expert  electrical 

ited  to  improve  it. 


ARC   FURNACES.  169 

The  makers  of  the  Snyder  steel  furnace  have  put  a  two  or  three 
phase,  lower  voltage  type  of  furnace  on  the  market,  which  gives  a 
higher  power  factor  on  steel  than  the  older  form  of  single-phase, 
•  high- voltage  Snyder.  Undoubtedly  it  is  possible  to  find  some  way 
of  constructing  a  direct-arc  furnace  and  operating  it  on  bronze 
or  red  brass  so  as  to  have  a  power  factor  high  enough  to  avoid 
penalties,  but  so  few  attempts  have  been  made  to  apply  true  direct- 
arc  furnaces  to  copper  alloys,  high-voltage  Snyder  furnaces  being 
the  only  example  of  the  direct-arc  type  commercially  melting  such 
alloys  in  this  country,  that  data  on  the  best  methods  of  doing  this 
are  lacking.  It  seems  probable  that  the  task  would  be  less  difficult 
in  melting  a  true  bronze,  neither  copper  nor  tin  being  very  volatile. 
than  in  melting  alloys  containing  much  lead,  antimony,  or  zinc,  all 
of  which  are  decidedly  volatile  at  arc  temperatures  and  tend  to 
make  an  arc  stream  that  is  largely  metallic  vapor  rather  than  carbon 
vapor. 

Although  the  metal  losses  in  any  direct-arc  furnace  running  on 
yellow  brass  are  prohibitive  and  are  high  in  the  1-ton  Snyder,  even 
on  leaded  bearing  metal,  owing  to  the  impossibility  of  luting  the 
furnace  and  running  it  tightly  closed,  the  users  consider  that  the 
metal  losses  are  at  least  1  per  cent  lower  than  for  open-flame  oil 
furnaces  melting  the  same  charge. 

The  field  of  the  direct-arc  furnace  is  seen  to  be  very  small,  only 
that  of  melting  alloys  with  very  little  or  no  zinc,  and  the  furnace 
is  handicapped  by  the  metal  losses  on  alloys  high  in  lead.  Its 
reliability  is  only  fair,  for  the  life  of  roof  and  lining  is  not  very 
long;  to  balance  this  disadvantage  is  the  possibility  of  putting  a 
spare  roof  in  place  without  much  delay. 

Because  it  can  be  charged  rapidly  by  opening  the  roof  and  be- 
cause of  the  relatively  high  power  input  for  the  1-ton  furnace,  the 
Snyder  furnace  has  so  high  a  thermal  efficiency  and  so  great  a  rate 
of  production  that  under  the  conditions  in  which  it  has  been  used 
it  has  shown  lower  melting  costs  than  crucible  or  open-flame  melting, 
even  though  tie  metal  losses  were  high. 

The  electrical  characteristics  of  the  old-style  Snyder  furnace  are 
poor,  as  the  1-ton  furnace,  taking  300  to  400  kw.  at  50  to  55  power 
factor,  draws  a  load  of  about  700  kv.  a.,  and  to  avoid  current  dis- 
turbances to  other  power  users  on  the  same  line  it  has  to  be  put  on 
a  separate  line.  The  excessively  low  power  factor  involves  a  penalty 
that,  on  single-shift  operation  of  the  furnace,  may  amount  to  an 
excess  power  charge  of  over  $1  per  ton.  Because1  of  the  large  pro- 
duction and  the  use  of  automatic  regulators  the  labor  cos<  per  ton 
is  low. 

The  price  of  the  1-ton  single-phase  furnace  or  of  the  more  modern 
two-phase  furnace,  with  automatic  electrode  control  and  all  auxiliary 
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transform*  .  switchhefcrd,  and  meters,  except  a  watt-hour 

meter.  «'ii  January    UK   L9fi0,  \\a>  *17.<><><>.      For  a  single-phase  hand- 
B  without  automatic  electrode  control  the  price  was 

WILE  FURNACE. 

In  other  furnace,  the  Wile,  was  advertised  for  use  in  brass 

melting,  though  intended  primarily  for  smelting  tin  dross,  melting 

gold  concentrate-,  etc7       At  the  plant  of  the  Great  Western  Smelting 

and  Refining  (      •  St.  Louis,  some  10  years  ago  one  of  these  furnaces 

a  tried  tor  smelting  lead  and  tin  drosses,  but  was  not  considered 

ind   was   not    put  into   regular  commercial   operation. 

:ue  time  both  the  tilting  and  tapping  forms  were  also 

1  out  on  silver  at  the  plant  61  Handy  &  Harmon,  Bridgeport, 

n.,  with  unsatisfactory  results  and  were  not  used  for  commer- 

work. 

furna  planned  to  melt  brass  with  a  deep  slag  or  molten 

ind  the  heating  was  from  the  resistance  of  the  slag  alone  if 

operated  at  a  low  voltage,  with  the  upper  electrode  or 

!  in  the  slag.     If  operated  at  a  higher  voltage,  with 

not  touching  the  slag,  but  drawing  arcs  to  it,  the  heat- 

Mil-ination  of  arc  and  slag  resistance.     One  of  these 

fur:  I  f<»r  a  time  1>\  the  Westinghouse  Electric  and  Man- 

.  in  mcltiiiLr  cast  iron  for  making  cast  resistance  grids. 

furri;  I  200  to  300  pounds  of  glass  slag  for  a  100-pound 

_       '         t   iron  and  had  to  be  run  with  the  electrodes  arcing  to 

buried  in  it.     The  arc  heating,  in  this  case  at  least. 

erbalanced  the  resistance  heating,  and  the  furnace  seems 

ible  more  properly  under  arc  furnaces  than  under  resistor 

furnaces, 

I  Mar  in  principle  to  the  general  run  of  ferro- 

-r  furna  those  for  ferromanganese.     In  these 

ore,  flux,  coke,  and   metallic  iron   if  not 

I  iri  tli<-  ore:  the  manganese,  reduced  from  the  ore  in 

I  alloyed  with  the  iron,  drops  through  the  slag 

<t  of  fused  alloy  below.     From  time  to  time  slag 

'   pped  ind  more  charge  is  added,  the  furnace  operat- 

melting  furnaces  are  efficlehi  and  suitable 

8  to  do.  but  they  are  smelting   furnaces,  not 
ncd    fo    ho«,t    the    solid    charge    or 

the  lower  laver  of  fused  metal. 


'  tin  drom:  Kiel    nnd  Chem.  v.ni:., 

in  an  electric  fui  DA<  •       'I  PftD       Am     ElectfO- 

•n,    Btectrochem 

L9X0    and    l.DT"  ig,    la,    no:;. 
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It  was  reported  that  a  Wile  tapping  shaft  furnace,  with  a  con- 
ducting bottom  and  one  or  two  upper  electrodes  extending  into  the 
slag  layer,  was  used  for  a  time  in  smelting  concentrates  from  brass 
furnace  ashes,  dirty  brass  borings,  etc.,  the  furnace  operating  much 
like  an  electrically  heated  cupola.  No  data  on  its  operation  has  been 
obtained.  It  may  have  run  on  a  commercial  scale,  but  if  so  its  opera- 
tion was  not  long  continued. 

The  Wile 74  melting  furnace  advertised  for  brass  was  a  tilting  fur- 
nace having  a  furnace  shell  mounted  to  tilt  on  trunnions,  and  it  has 
a  "  teakettle  "  spout  for  pouring  the  metal  from  beneath  the  slag  and 
retaining  the  hot  slag  in  the  furnace  for  the  next  heat.  In  the 
single-phase  form  two  upper  electrodes,  in  series,  project  through  the 
roof  and  directly  underneath  are  two  lower  electrodes,  also  electri- 
cally connected.  In  starting  the  cold  furnace  arcs  are  drawn  from 
the  upper  electrodes  to  the  lower  ones  until  the  glass  is  melted. 
The  lower  electrodes  are  short-circuited  by  the  molten  metal  and 
no  appreciable  current  flows  through  them. 

One  of  these  furnaces  was  installed,  for  instruction  purposes,  at 
the  Carnegie  Institute  of  Technology.  In  1912  two  qualitative  runs 
of  this  furnace  were  made  by  D.  A.  Lyon  of  the  Bureau  of  Mines. 

The  furnace  was  rated  to  hold  500  pounds  of  brass,  but  the  power 
supply  available  was  only  50  kw.  In  the  first  run  it  took  1}  hours 
and  72  kw.  h.  to  melt  the  glass  slag  ready  to  run;  22  pounds  of 
scrap  red  brass  were  then  charged  and  in  45  minutes  31  kw.  h.  were 
used.  During  this  run  much  zinc  oxide  was  emitted  from  the  fur- 
nace. The  metal  could  not  be  poured  cleanly,  free  from  slag,  so 
the  slag  was  poured  also;  17.8  pounds  of  ingot  were  poured.  On 
grinding  and  concentrating  the  slag  4r\  pounds  of  brass  shot  were 
obtained.  The  slag  contained  3.6  per  cent  zinc ;  0.7  pound  of  metal, 
or  about  3  per  cent,  was  lost. 

After  this  run  fresh  glass  was  charged  into  the  hot  furnace.  It 
took  two  hours  and  91  kw.  h.  to  get  the  glass  melted  and  full y  fluid. 

Twenty-three  pounds  of  copper  were  charged  and  25  kw.  h.  more 
were  supplied  to  the  furnace.  The  power  was  then  cut  off  and  13 
pounds  zinc  added  in  small  pieces  at  intervals.  Explosions  took 
place  as  each  piece  passed  through  the  superheated  slag  and  clouds 
of  zinc  fume  were  evolved.  About  15  kw.  h.  more  were  supplied  and 
an  attempt  made  to  pour,  but  only  6.3  pounds  ingot  were  obtained. 
The  slag  contained  9.4  per  cent  zinc. 

A  further  test  was  made  by  one  of  the  writers  in  January,  1913,  to 
study  the  behavior  of  the  furnace.     As  Mr,  Wile  could  not  be  present 


74  Wil<\  R.  S.,  An  I'lpctric  furnace  for  the  treatment  of  tin  dross:  Met.  and  Chem.  Eng., 
vol.    10,    UUJ,    p.    4!ir>. 


17_  ILBCTBIG   BftASfl    n'nvu'K    PBAOTIOB. 

and  sent   no  directions,  the  furnace  was  operated  on  the  basis  of  his 

rerbal  InstructioDfl  t<»  Mi*.  Lyon, 
I  me->brick   Lining  had   bean  considerably   eroded  in  the 

pit  runs,    but    w  a>    patched    up    with    magnesitc    cement.     The 

furnace  w  as  started  on  about  L50  volts  and  about  tio  pounds  of  broken 
window  glass  was  fed  in  slowly.  It  took  1  hour  and  50  minutes  and 
»'-7  kw .  h.  to  melt  the  glass.  In  order  to  get  the  furnace  to  take  45  kw. 
it  \  . !  j   i,,  run  short  arcs  to  the  slag.     When  charging  was 

ok  L50  \olts.  300  amperes;  948  pounds  of  leaded 

broi  ,;  to  7  per  cent  tin,  10  to  12  per  cent  lead,  1J  to 

inc,  the  balance  copper,  was  charged  in  the  form  of 

about   15  pounds  each.     Each  ingot  was  allowed  to 

melt  before  the  next  was  added  in  order  to  avoid  freezing"  the  molten 

All   the  charge   was  added   in  40  minutes,  and   heating  was 

minutes  more.     Sixty-seven  kw.  h.  were  used  in  1  hour 

minutes.    The  metal  was  then  poured,  but  could  not  be  poured 

inly  from  the  alag;  everything  was  poured  into  ingot  molds  and 

r  broken  oil'.      Eighty-seven  and  nine-tenths  pounds 

of  :  obtained  and  one-half  pound  more  as  buttons  by  crush- 

!  jigging  the  slag.     The  net  metal  loss  was  5.i>  pounds,  or  over 

The  slag  contained  chromium  from  the  chromite  lining. 

raged  al>out  94.     The  electrodes  lost  3j  pounds 

dui  •    run. 

ry  unpl  I    fumes  were  evolved  while  the  glass  was  being 

melted  by  tin  the  lining  was  eroded  by  the  slag,  and  the  metal, 

in   the  middle  of  the   pour,  could  not  be   poured   reasonably 

from  first    and  last  metal  were  badly  mixed   with  the 

Mi.    ^  that  the  tilting  type  had  been  abandoned   in 

tapping  type.     Though  the  test   could  not   give  any 

dlT(  Oil   power  Oonsumption,  it  did   indicate  t  hut    melting 

glass  on  10-hour  operation,  for  example,  would  take  so  long  and 
to  melt  the  i/his.s  that   the   furnace  would  be  in- 
•  1. 

[f  the  —  I  I'd  on  the  molten  material,  or  if  it 

i  in  the  blag  until  it  melted,  ;)-.  in  ore-smelting  furnaces. 

an  e  might  be  thermally  efficient;  in  mall 

terial  charged  .sinks  under  the  molten 

the  bottom  of  the  molten   metal,   if  any   is  molten. 

"i  in  the  >\;*<j  is  applied  therefore  by  con- 

I    relatively    poo*  conductor 
of  lieai  i       ■,■'■'.  -h-d    for   melting  steel,   but 
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Cone  75  says  that  the  Wile  furnace  has  disappeared  altogether  from 
the  list  of  active  steel  furnaces. 

A  Wile  furnace  was  erected  at  the  plant  of  the  Tottenville  Copper 
Co.  in  1919  "to  make  experiments  on  certain  alloys,  but  it  did  not 
give  satisfaction,  is  not  now  in  use,  and  has  been  dismantled."  76 

The  Haynes  Stellite  Co.77  tried  a  Wile  furnace  for  melting  Stellite, 
but  found  the  molten  glass  too  destructive  to  the  lining. 

BENNETT    FURNACE. 

The  Bennett  furnace,  the  next  on  the  list,  is  structurally  similar 
to  a  direct-arc  furnace,  but  is  not  an  arc  furnace  because  the  voltage 
between  electrode  and  bath  is  kept  so  low  that  no  true  arc  is  formed. 
Heat  is  generated  by  the  resistance  of  a  poor  contact  between  elec- 
trode and  metal. 

The  Bennett  furnace  has  been  described  only  in  the  patent,78  and 
the  patent  describes  the  process  rather  than  the  furnace.  Other  ap- 
plications on  important  features  are  still  in  the  Patent  Office.  The 
furnace  has  been  developed  at  and  for  the  Scoville  Manufacturing 
Co.,  Waterbury,  Conn.,  and  has  been  operating  commercially  for 
several  years.  Six  1-ton  furnaces  and  one  5-ton  furnace  are  melting 
alloys  ranging  from  yellow  brass  to  copper.  The  5-ton  furnace  is  the 
largest  electric  furnace  yet  built  for  brass. 

The  Bennett  furnace  was  adopted  after  exhaustive  experiments 
with  many  other  types ;  hence  its  selection  and  use  by  the  Scoville 
Manufacturing  Co.  indicate  that  it  is  suitable  for  nonferrous  melt- 
ing. It  has  not  yet  been  decided,  however,  whether  or  not  the  furnace 
will  be  made  available  for  other  users :  unless  and  until  the  furnace 
is  put  on  the  market  it  is  likely  that  the  present  policy  of  secrecy  as 
to  the  exact  design  of  the  furnace  and  as  to  its  performance  will  be 
maintained. 

According  to  the  patent  the  furnace  is  three-phase,  the  1-ton 
size  taking  2,500  amperes  per  electrode  at  a  voltage  of  from  18 
to  20  between  each  electrode  and  the  charge,  and  the  5-ton  fur- 
nace taking  4,200  amperes  and  32  to  40  volts.  In  a  three-phase 
furnace,  with  the  probable  power  factor  of  a  furnace  of  this  type, 
this  figure  amounts  to  a  power  input  of  about  150  kw.  in  the  1-ton 
and  500  kw.  in  the  5-ton. 

An  arrangement  of  the  electrodes  similar  to  that  used  in  the 
Heroult  steel  furnace  is  advised  in  order  to  effect  the  slight  cir- 
culation of  the  metal  and  the  mixing  of  the  charge  that  can  be 
obtained  by  utilization  of  the  electromagnetic  field.     That   tin1  cir- 

76  Cone,  E.  F.,  The  status  of  the  electric  stcl  Industry:  Iron  Age,  vol.  105,  1920,  p.  7.".. 
7fl  Personal  communication,  Jan.  s,   L920,  from  Tottenville  Copper  Co. 

77  Personal  communication,  Feb.  12,  1020,  from  Elwood  Haynes. 
™  Bennett,  M.  H.,  U.  S.  Patent  1,337,305,  Apr.  20,  1920. 
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culation   in  t he   Eieroulf    is   not   enough   for  mixing  steel   contain- 
d\    alloying  elements  has,  however,  boon   pointed   out 
i;  id    this    would    not   bo   sufficient  to   avoid   local    over- 

heatn 

Bennett    lav-  great  stivss  on  holding  tho  rate  of  power  input 
I   point  whore  tho  thermal  conductivity  of  the  charge  can 
and  distribute  the  heat  without  causing  excessive  local 
ng  near  the  electrode  tips.     The  rate  of  power  input  used 
t   half  that   used  in  furnaces  of  similar  sizes  in  other  types. 
heat   lost   by  radiation  to  that  usefully  employed  will 
lie   high,   and   the   efficiency   will   probably  not  be  high, 
though   the   generation  of   heat   in   contact  with  the   charge  itself 
—    chance    for  thermal    loss   than   in   many  other  types  of 
fun  -   this    factor   makes   for  otliciency.     On  the  other  hand, 

•   lower  voltages  and  higher  currents  than  are  required  by 
-   means  a   greater  loss  of  heat  in  electrodes  and  leads. 
■_  1    -hows   the   furnace   as   described   in   the   patent,   but 
diagram   probably   represents  the   form   actually   used   only   as 
KB  was  deemed  necessary   for  the  purposes  of  the  patent. 
i  ire  probably  controlled  automatically  by  electrical 

which  maintain  the  electrodes  at  such  a  distance  from  the 
rgi    that   the  desired  voltaic  value  is  not  exceeded.     The  auxil- 
le    shown    in   the   tap    hole   does  not  carry  power  but 
all.  in.  t ion  of  meters  and  control  devices  in  order  to  main- 

volt  a  ire  between  the  true  electrodes  and  the  bath. 
how  the  furnace  can  operate  in  this  way  after  the 
molten,  hut  some  difficulty  might  be  expected  in  its  oper- 
berial  before  the  charge  has  melted, 
lid  to  operate  without  a  sla<_r.  to  bo  tightly  closed, 
i   nt    the  -tan    with   the   whole  charge,  including  the 
lift   metal  loss  ol  less  than  1   per  cent,  even  on 
%h  in  zinc  and   lead.     The  power  consumption   is  said  to 
bly    with    many    of    the    other    commercial    electric 
brass  fun. 

,f   much    interest    theoretically,  and   the   fact  that 
N-d    under-    rolling-mill    conditions    in    commercial    pro- 
1  i    tut ure  commercial  possibilit fa 

ii  of  1  lower  than  are  commonly  sup- 

to  hold  an  arc  on  alternating  current  is  not 

M. -i-ii.  I. n^.,  raL   » i ,  lar.t. 
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The  Schemmann  and  Bronn 80  furnace  for  melting  ferromanganese 
for  addition  to  steel  operates  as  a  contact-resistance  furnace.  The 
patent  states  that  arc  furnaces  operating  at  the  usual  voltage  of 


Piotra  24. — Diagram  of  Bennett  furnace. 

steel  furnaces — that  is,  45  to  75  between  electrode  and  bath — cause 
volatilization  of  manganese;  if,  however,  the  electrode  is  lowered 
so  that  it  just  touches  the  surface  of  the  bath  and  the  voltage  is  L6 
to  18 — that  is,  below  the  counter  electromotive  force  of  the  arc, 
which  is  generally  taken  to  be  about  30  volts— it  is  possible  to  ob- 

» Schriiiiiiann.   W.  and   Bronn,  J.,   I\   S.   Patent   1,056,456,   Mar.   18,  1913. 
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tain,  by  the  contact  resistance  thus  produced,  an  ample  beating  of 
the  bath  without  noticeable  loss  of  manganese. 

According  to  Rodenhauser %i  the  Schemmann  and  Bronn  furnace 

uilt  much  like  an  ordinary  three-phase  Heroult,  hut  the  voltage 
between  each  electrode  and  the  bath  is  26.  Nearly  all  the  furnaces 
melting  ferromanganese  run  at  a  distinctly  lower  voltage  than  the 

1  furnaces  of  the  same  make.  The  voltages  used  on  ferroman- 
ganese melting  furnace-  differ  as  shown  below  I 


n>.     i  oltage    of   electric    furnaces    for   ferromanganese. 
Fuml  Voltage. 

bemmaim  and  Brtnn l!.~> 

Keller  30 

Glrod 40  to  flfl 

Serooll       46  to  55 

Nathosios 65 

The  furnaces  all  carry  a  layer  of  slag  over  the  hath;  the  higher 

c  used   the  thicker  the  layer  of  slag.     Rodenhauser  con- 

rs  that  an  an-  is  present  even  at  25  volts,  the  arc  stream  being 

le  no  <»f  metallic  vapor.*1 

Lt-rnp'    states  that  on  automatic  welding  machines  arcs  less  than 

fo-inch  1<*  he  held,  and  sometimes  there  has  been  maintained 

sly  an  aic  bo  shorl  that  there  hardly  seemed  to  be  any  actual 

mp  concludes  that  much  is  to  be  learned  as  to  current 

current  conduction  in  such  an  arc. 

Bardwell"  quotes   Korten8"  as  stating  that  to  melt  ferromanga- 

nv  furnace  without  loss  of  manganese  by  volatiliza- 

low   voltaire  must  he  employed,  the  arc  must  be  short,  and 

the  hearth  offer  as   much  surface  as  possible.     A   uniform  heating 

and  not  an  intense  heating  over  a  small  surface 
tould  be  sought 

DENOLLY-GRAMMONT    FURNACE. 
Another    furnace,  <>n    which   little   information    is  available,  is  the 

iHiont  furnace.    The  deNolly  furnace  as  shown  in  fig- 

(  I  ■umiKiiit  works  in  France  for  melting  ferro- 

manj  Idition  to  steel.    According  to  the  deNolly  pat- 

■  Rodfnhau  omltteli  1915,  p.  2a 

ompar"  Mr  r>-ni  ||  DMtftUk  Pro*   PI  vol. 

m.  i!  •ii. 

•  T.<mr>    H     Qlacv  iloi     '.'• .  •       r  Bull     Am.    In  t.    Ifln    Bog.,   May,    1919, 

••  f  No,  L43,  Nov.,  1918.|  p,  lf<62. 
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ent 86  this  furnace  also  bears  much  resemblance  to  a  direct-arc  steel  fur- 
nace, but  the  voltage  used  is  very  low  and  very  large  electrodes  are 


J3*N^ 


mr 


Fiouee  26.— Diagram  of  deNolIy  furnace. 


used  in  order  to  distribute  the  heat  generated  and  to  help  reduce  local 
overheating.  The  carbon  electrodes  are  so  large  (approximately  20  by 


v.  II..  r.  s.  Patenl   1,216,9(11,  Peh.  20,  1  «H  T. 
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es)  that  they  almost  eliminate  any  rail  roof  to  the  furnace. 

This  arrangement,  though   Avoiding   roof  troubles,  must    involve  a 
.rial  loss  of  heat  through  such  a  good  conductor  of  heat  as  a  car- 
boo  electrode. 

In  uniting  ferromanganese  for  addition  to  steel  a  large  bath  of  the 
all.  pt  molten,  and  frequent  withdrawals  of  small  amounts  of 

molten  alloj   and  frequent  charging  of  small  amounts  of  solid  alloy 
made,  the  furnace  not  being  emptied.     The  huge  electrodes  are 
utilized  in  a  novel  way  in  controlling  the  discharge  of  molten  mate- 
rial.    Instead  of  the  furnace  being  tilted  or  tapped  it  has  an  over- 
out,  and  when  a  pour  is  to  be  made  the  power  is  cut  off  and 
the  electrode  is  lowered  into  the  bath  until  the  level  of  the  melt  rises 
-pout :  by  further  lowering  of  the  electrode  the  desired  amount 
Hoy  is  displaced  and  is  made  to  run  from  the  spout.    The  need 
i  charging  door  is  avoided  by  raising  an  electrode  out  of  the  fur- 
e  by  charging  the  solid  alloy  into  the  bath  through  the  opening 
thus  made.     Another  feature  of  the  furnace  is  the  practical  elimina- 
of  any  open  space  over  the  metal :  the  molten  charge  in  the  small 
ered  by  the  huge  electrodes  reaches  almost  to  the  roof. 
This  feature  would  be  inconvenient  if  the  furnace  were  to  be  operated 
for  intermittent  heat-  instead  of  with  a  constantly  molten  bath  in  the 
furnace,  f«>r  there  is  not  room  to  contain  a  solid  charge  big  enough 
11  the  furnace  after  the  charge  is  molten.     There  is  also  a  con- 
striction  in  the  hearth,  or  a  channel  between  the  main  hearth  and  a 
of  a  I  rth.  in  which  a  certain  amount  of  resistance  heating 

dned, 

information  on  this  furnace  was  suplied  through  the  courtesy 
of  I  If.  AJtmeyer,  of  the  French  Technical  Commission.     Un- 

fortunately he  did  not  have  data  on  the  voltage  and  current  used. 
tain  that  the  voltage  is  very  low,  it  is  impossible  to 
definitely   whether  the   furnace  should  be  classed   as  a 
ontact-resistance  furnace  like  the  Bennett.     The 
led    l •  ould   not    form   a   slag  thick  enough   to  give  any  ap- 
king   from  slag  resistance.     Capt.  Altmeyer  had   the 
furnace  operated  at  about  80  volts.    The  avail 
Ij  ie  thought  to  be  300  kw. 

ince  Deeded  brass  and  was  short  of  fuel.     As 

lly  fun™™  nt  the  Orammont  works  used  hydroelectric 
faro*  tried  for  melting  brass,  and  two  such  furnaces 

ration. 

of  one  furnace  from  December  10.  loin. 

:-l  a.  m.  given  in  Table  11.     To 

Of  7:>  to  00  pounds  of  borax  were  charged 

was  60:40  brass  scrap,  with  the  addi- 

I  in  melting.     As:  I  deoxidizer,  2  kg. 
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of  aluminum  per  heat  were  added.     The  metal  was  poured  direct 
into  ingot  molds  placed  on  a  turntable  in  front  of  the  spout. 

Table  41. — French  test  of  deXolly-Grammont  furnace  melting  yellow  brass. 


Date. 

Time.o 

Charge. 

Zn. 

Total. 

Ingot 
poured. 

Dross. 

Power 
used. 

Heat  No. 

Charged. 

Poured. 

Turn- 
ings. 

Crop 
ends. 

1    

19 

H.   m. 

8  35 
15    05 
21    00 

3    00 

9  20 
15    05 
20    55 

3    00 

H.  m. 

15    00 

21    00 

3    00 

9    15 

15    00 

20    55 

2    55 

8    52 

Kg. 

1,001 

1,000 

1,330 

1,330 

1,330 

1,330 

1.397 

1,330 

Kg. 
1,032 
1,034 
701 

702 
703 
702 
730 
701 

60 
100 
37 
70 
90 
86 
76 
70 

2,093 
2,134 
2,118 
2,102 
2.123 
2,118 
2,209 
2,101 

Kg. 

1,913 

1,899 

2,075 

1,902 

2,015 

2,046 

2,119 

1,988 

Kg. 
110 
104 
105 
130 
105 
109 

51 

Kio.h, 
1,090 

2 

•19 

1,105 

3 

19-20 

1,090 

4 

20 

955 

5 

20 

1,052 

f. 

20 

1,033 

7 

20 

1.082 

8 

20-21 

1, 012 

Total. . 

589 

16,998 

15.  057 

779 

8,429 

°  Total  time,  48  hours  and  17  minutes.     French  time  ;  same  as  3  p.  m. 

The  gross  metal  loss  was  1,036  kg.,  or  6.1  per  cent.  No  data  are 
given  as  to  whether  the  turnings  contained  oil  or  dirt  or  concerning 
the  recoverable  metal.  If  it  be  assumed  that  there  was  2  per  cent 
nonmetallic,  oil  and  dirt,  on  the  turnings  and  that  25  per  cent  of 
the  dross  was  recoverable  metal,  the  net  loss  would  drop  to  about  4 
per  cent,  a  high  figure,  but  not  so  high  as  to  prevent  the  use  of  the 
furnace  in  the  emergency.  It  will  be  noted  that  on  the  average  3^ 
per  cent  excess  zinc,  on  the  basis  of  the  total  charge,  was  added  to 
make  up  for  volatilization  losses,  the  charge  being  calculated  for  58 
per  cent  copper  and  42  per  cent  zinc,  in  order  to  give  the  desired 
60 :  40  brass. 

The  power  consumption  and  rate  of  production  are  not  good  as 
compared  to  American  practice,  since  a  furnace  taking  175  kw. 
average  load,  on  16.998  kg.,  about  37,480  pounds,  or  18}  tons,  required 
8.429  kw.  h. :  that  is,  60  :40  brass,  doubtless  poured  at  about  1,050°  C, 
was  melted  on  24-hour  operation,  at  the  rate  of  450  kw.  h.  per  ton  of 
metal  charged,  or  480  kw.  h.  per  ton  of  metal  cast. 

The  production  was  only  some  780  pounds  per  hour  with  an  aver- 
age power  input  of  175  kw.  The  average  charge  was  4.650  pounds 
and  the  average  time  per  heat  six  hours.  The  furnace  seems  under- 
powered for  so  large  a  charge,  though  doubtless  an  increase  in  the 
rate  of  power  input,  especially  if  obtained  through  an  increase  in 
voltage,  would  have  resulted  in  incrensing  the  loss  of  zinc. 

The  electrode  consumption  is  given  as  10  kg.  of  carbon  electrodes 
per  metric  ton  of  brass,  or  20  pounds  per  short  ton.  Tt  is  said  that 
OQe  man  can  operate  one  furnace,  six  other  men  helping  during  cast- 
ing the  ingots,  or  one  man  can  operate  two  furnaces  with  a  crew  of  10 
for  aid  in  casting.    With  the  heats  coming  out  six  hours  apart  it 
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Id  seem  that  by  staggering  the  heats  ■  crew  able  to  handle  the 
pouring  of  one  furnace  should  suffice  for  two. 

GRAMMONT  MODIFICATION  OF  DENOLLY  FURNACE. 

rammont*1  has  patented  a  modification  of  the  deNolly  furnace 
which  Is  evidently  designed  to  make  the  design  more  suitable  for 

rk  on  copper  and  its  alloys.  Capt.  Altmeyer  stated  that  he 
thought  M.  Grammont's  interest  in  the  furnace  concerned  more  the 
netting  >pper  than  of  brass. 

The  Grammont  modification  eliminates  the  forehearth  and  channel 

the  deNolly  furnace,  being  a  two-phase  furnace  with  conducting 

•in  and  two  larLr''.  square  carbon  electrodes,  which  almost  cover 

hearth,  as  in  the  deNolly,  and  require  very  little  refractory  roof. 

I    .    Furnace  is  rectangular,  with  charging  doors  at  each  end,  the 

pouring  spout  being  in  the  middle  of  a  Ion":  side  of  the  furnace. 

overflow   pouring  scheme  of  the  deNolly  furnace  seems  to  be 

med.     Above  the  conducting  bottom,  which  rests  on  the  lower 

dlic  electrode  built  into  the  furnace,  is  a  nonconducting  hearth, 

wit  ra]    (five   ihown   in   the    patent)    holes  through    it.     The 

mi. If  ml  in  these  holes  is  in  contact  with  the  lower  electrode  and 

ipposed  to  be  heated  by  its  own  resistance  to  a  temperature  higher 

than  the  body  of  the  bath.     This  appears  to  be  an  attempt  to  combine 

alow  thebaic  La  resistor  tubes  Similar  to  the  tiering  "  pinchL 

furnace,  with  heating  above  the  bath  by  a  low-voltage  arc  or 

ince  heating. 

tiering  principle,  as  will  be  seen  later  in  the  description 

of  the  Elering  furnace,  requires  such  extremely  high  currents  and 

■•._•■    that   rjirrying  these,  currents  in  carbon  electrodes,  even 

the  dcNolly-(  Jrammont  design,  is  impracticable  l>e- 

■  tin-  heat  developed  would  be  in  the  electrodes,  outside 

rather  than  in  the  resistor  holes  or  tubes.    These  holes 

I  te  Grammoni   furnace  therefore  serve  merely  to 

een  the  lower  electrode  and   the  bath   and  can 

re  iable  proportion  of  the  total  energy  developed 

I       Grammoni  furnace  must  consequently  be  classed 

tance  furnace  (the  voltage  to  be  used 

l     unmont's  patent)  rather  than  as  ■  rleringtype 

tid  it-  power  consumption  and  metal  losses  should 

much   from  those  of  the  deNolly   rurnace,  although  in 

holes  in  the  hearth)  it  is  rather  more 

i    e  hok    in  the  hearth  require  eil  her  thai 

:t  (which  is  seemingly  not  contemplated), 

e  drained  from  them  if  the  furnace 

17      !    I 
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were  to  be  shut  down,  or  else  require  that  the  furnace  be  kerjt  hot 
continuously,  so  that  the  metal  will  not  freeze  in  the  holes  and  damage 
the  hearth.  Evidently  the  furnace  would  be  simpler  and  more  prac- 
tical if  the  lower  carbon  electrode  were  extended  up  to  the  hearth 
instead  of  being  connected  to  it  by  tubes  full  of  molten  metal. 

It  should  be  pointed  out  that  for  a  given  power  input  the  low- 
voltage  furnaces,  whether  they  use  direct-arc  or  contact-resistance 
heating,  require  high  currents  and  consequently  are  subject  to  greater 
heat  losses  in  leads  and  electrodes  than  are  furnaces  operating  at 
higher  voltages,  so  that  the  thermal  efficiency  of  low-voltage  fur- 
naces tends  to  be  lower  than  that  of  higher  voltage  furnaces  using 
electrodes. 

The  question  whether  in  these  furnaces  that  structurally  resemble 
direct-arc  furnaces  local  superheating  and  consequent  metal  losses 
can  be  avoided  by  using  very  low  voltages  and  utilizing  contact  re- 
sistance instead  of  a  true  arc  or  by  using  very  large  electrodes  and 
attempting  to  spread  the  arc  over  a  large  surface  instead  of  localizing 
it  can  not  be  answered  by  the  available  data.  The  big  electrodes  will 
not  wear  off  smoothly  to  a  perfectly  flat,  level  tip,  from  which  a 
short  but  very  fat  arc  low  in  energy  density — that  is,  generating  few 
calories  per  unit  of  a  very  large  area — can  be  drawn,  but  will  wear 
off  irregularly,  with  the  result  that  the  current  will  jump  from  the 
tiny  projection  nearest  the  charge,  and  thus  the  heating  wTill  be 
localized. 

It  is  possible  that  by  using  a  slag,  like  the  borax  used  in  the 
deXolly  furnace,  the  electrodes  might  be  slightly  below  the  normal 
level  of  the  slag  and  the  slag  be  slightly  blown  away  from  it  by  the 
arc  stream,  for  something  of  this  nature  is  often  noted  in  an  ore- 
smelting  furnace  running  at  a  low  voltage.  At  a  certain  point  there 
is  no  open,  flaming  arc,  yet  the  slag  does  not  wet  the  electrode  even 
though  the  electrode  is  buried  in  it.  Such  a  condition  is  usually 
called  a  submerged  arc,  and  while  such  an  arc  is  not  as  hot  as  a 
high-voltage  open  arc,  its  temperature  is  still  certainly  above  the 
boiling  point  of  zinc  in  brass.  Moreover,  this  condition  does  not 
hold  when  the  furnace  contains  a  charge  of  solid  metal  at  the  begin- 
ning of  a  heat.  Then  the  heating  is  essentially  and  necessarily 
localized,  and  though  the  metal  may  sometimes  drip  away  from  the 
arc  as  fast  as  melted  and  before  it  can  be  superheated,  yet  it  must 
often  collect  in  pockets  and  be  held  in  the  arc  Long  enough  to  permit 
material  losses  of  volatile  constituents,  unless  the  furnace  is  so  tightly 
I  that  the  metal  vapor  can  not  escape.  It  would  be  difficult  in 
the  deNc41y-Grammont  furnace  to  make  a  vapor-tight  joint  between 
tli"  huge  carbon  electrodes  and  the  openings  through  which  they 
enter  and  still  provide  for  the  necessary  adjustment  of  the  electrodes. 
68723  -  22 13 
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It  ;  km  voltage  direct-arc   Furnace  might  not 

as  the  ordinary  direct -arc  furnace, 

metal  loss  might  be  held  low  enough  that,  under  some 

'y  of  c  ction  of  the  direct-arc  type  might 

ma'.  -t  the  metal  loss,  but  tinder  most  American  con- 

:m  that  the  chances  were  against  such  a  furnace 

il.    [Tntil  sucn  a  type  of  furnace  has  been  shown  to  ir i  \  •  * 

\s  than  those  of  the  de  Nolly  test,  or  with  that 

.  t<>  give  materially  better  production,  power  consumption, 

er  types  of  furnaces  that  show  low  metal  losses,  no  form 

furnace  should  he  used  for  melting  alloys  high  in  zinc. 

\V1  >w-voltage  direct-arc  furnace  would  do  good  work  on 

•  /e.  lea i let  1  bearing  metal,  etc.,  is  an  open  question, 

v  the  1.  ttage  Snyder  has  been  used  for  them. 

VON    SCHLEGELL-FLETCHER    FURNACE. 

\  m  for  minimizing  the  metal  loss  in  a  direct-arc  brass 

fur'  >und    in  the   von  Schleircll- Fletcher  patent,88  whereby 

in*  Itod  down  by  a  direct  arc.  and  after  it  is  melted 

stuck  in  through  the  pouring  spout  and  the 

tinned  by  an  indirect  arc,  that  is,  one  between  carbon  or 

>ve  the  melt, 
further  the  surface  overheating  that  occurs  even  with 
rtb  of  this  furnace  is  made  dee])  and  of  small 
er  to  present  as  little  surface  as  possible  to  the 

over  it.    ks  heated  metal  stays  at  the  t 

U  defeat  it-  own  purpose;  to  get  the  metal  in  the 

■  enough  to  pour,  the  surface  layer  must  be 

ted  than  it  would  be  with  a  wide  and 

would  in\  ite  rather  than  prevent 

!    •        p  hearth  also  offers  every  opportunity  for  the 

the  melt  to  v;iry  between  the  first  and  the  lust  metal 

ration  of  heavy  constituents  by  gravity.    So 

been  tried  or  constructed. 

DIRECT-ARC  FURNACES  IN  WHICH  THE  ARCS  ARE  IN  MOTION. 

VON    SCHATZL    FURNACE. 

furruu  sting  of  a  large  upright 

i  wheel  on  a  jacked-up 

jhi  angle  bo  that  their  tip*  enter 

•  the  hoop;  the  arcs  drawn  from  the 

L019. 

"  28,    191  I  ;    von    s.ioi/.i,    0.,   and 

KfMfW,  8     Awtrlarj   .  .     .-.•     i'.,.H\  A.jK.  -.-,.   iui\. 
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electrode  to  the  charge  heat  the  latter,  which  lies  below  the  elec- 
trodes in  a  small  sector  of  the  trough.  The  rotation  of  the  hoop  is 
designed  to  mix  the  charge  and  to  promote  homogeneity.  Among 
the  possible  uses  is  mentioned  the  melting  of  steel.  It  is  not  known 
whether  this  furnace  has  been  actually  constructed  or  not. 

BUCKMAN    FURNACE. 

Buckman90  describes  a  direct-arc  furnace  in  which  the  electrodes 
are  eccentrically  located  and  rotate,  thus  distributing  the  heat  and 
reducing  its  localization.  The  mechanical  details  as  to  the  making 
of  electrical  connection  for  these  moving  electrodes  are  not  given. 
The  furnace  has  not  been  specifically  suggested  for  brass,  nor  is  any 
embodiment  of  the  scheme  in  an  actual  furnace  known  to  have  been 
made. 

SUMMARY  IN  REGARD  TO  DIRECT-ARC  FURNACES. 

Direct-arc  furnaces  superheat  the  surface  of  the  charge  so  that  if 
the  charge  contains  much  zinc,  lead,  or  other  volatile  metals,  the 
metal  losses  are  very  great.  Furnaces  built  like  direct-arc  furnaces 
but  using  so  low  a  voltage  that  no  true  arc  is  formed  are  possibilities 
concerning  which  too  little  is  known  to  make  them  available  for  pres- 
ent general  use.  Direct-arc  furnaces  could  be  used  on  pure  copper 
(if  the  problem  of  copper  poisoning  by  fumes  is  solved),  on  true 
bronze,  aluminum  bronze,  or  red  brass  not  too  high  in  zinc  or  lead, 
but  can  not  be  satisfactorily  used,  even  for  occasional  heats,  on  yel- 
low brass.  Only  one  commercial  application  of  true  direct-arc  fur- 
naces to  copper  alloys  is  being  made  in  the  United  States  at  present. 

This  type  of  furnace  is  the  accepted  standard  for  steel  and  nickel- 
chromium  alloys  and  works  well  on  Monel  metal.  It  might  work  on 
aluminum  or  aluminum-copper  alloys,  but  no  actual  trials  have  been 
recorded.  Aluminum  is  so  prone  to  absorb  gases  at  high  tempera- 
tures that  the  direct  arc  might  not  produce  a  good  quality  of  metal. 

STATIONARY  INDIRECT-ARC  FURNACES. 

MOLDENKE   FURNACE. 

Indirect-arc  furnaces  do  not  superheat  the  surface  of  the  melt  so 
severely  as  direct-arc  furnaces,  and  the  indirect-arc  type  therefore, 
has  a  wider  application  to  brass  and  bronze. 

Perhaps  the  earliest  suggestion  of  the  use  of  an  indirect-arc  fur- 
nace for  brass,  though  the  main  object  was  melting  steel,  was  that  of 
Moldenke.91  in  180G.    The  charge  was  to  be  placed  on  an  inclined  sur- 

» Buckman,  H.  n..  r.  s.  Patenl  1,092,764,  Apr.  7.  1914. 
"Moldenke,  K.  <;.  .1.,  I  .  s.  Patent  569,221,  Oct  It,  1896. 
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ted  by  heat  transmitted  to  this  inclined  surface  by  a  fuel- 

1  furnace,  melted  by  the  beat  radiated  from  one  or  more  arcs,  and 

lowed  to  run  into  a  sump,  where  it  was  to  be  heated  to  pouring 

and  from  which  it  was  to  be  tapped.    Since  this  sugges- 

le  before  the  first  Staasano  patent   (1898)  or  the  first 

, .nit  patent  (1900)  at  a  time  when  electric-furnace  design  was  in 

I  ,  te.  it  is  not  remarkable  that  the  idea  was  not  carried 

It  is  more  than  possible  that  the  principle  of  preheating 

charge  by  fuel  and  of  finishing  the  melt  by  electric  heat  may  be 

!i-l  desirable,  though  such  a  development  is  still  ill  the  future. 

CONTARDO    FURNACE. 

In  L901  Contardo"  described  a  tilting  indirect-arc  furnace  more 
:  lv  approaching  modern  furnaces  in  the  relative  size  and  arrange- 

'  of  pa 
HANSEN'S  TEST  OF  WEEKS'S  ZINC  FURNACE  ON  COFPER. 

I  lanaen  made  a  heat  or  so  of  pure  copper  in  the  Weeks  indirect-arc 

smelting  furnace,  the  furnace  being  stationary,  and  has  described 

nd  given  data  on  the  test.93 

furnace  had  the  form  of  a  horizontal  cylinder  with  electrodes 

•     end    through   stationary    heads,   which  did  not  move 

the  fun  melted  to  pour.    Starting  with  a  cold  furnace, 

!  a  pper  ingots  were  melted  with  630  kw.  h.  in  3  hours 

minutes,  and  1,926  pounds  of  copper  were  recovered,  giving 

er  cent,  pari  of  which  was  doubtless  due  to  soak- 

rresh  lining.    From  this  teal  Hansen  calculates  that  an 

>uld  melt  brass  at  less  than  800  kw.  h.  per  ton. 

on  brae*  in  the  Weeks  furnace,  he  does  not 

'      I  ;  v  definitely  aa  feO  metal   losses. 

•  I  the  possible  application  of  his  zinc  furnace 
ion  is  not  based  on  actual  test. 

IPTON    FURNACE. 

I  a  modification  of  the  ordinary  indired 

illy  intended   for  brass   melting.     In   the  Shipton 

for  preheating,  on  a  tiltable  refractory 

nt  below  the  roof.     After  the  metal  is 

•  I  into  the  ineltinLr  chamber  proper  by  tilting 

I  to  utili/e.  more  directly  than  merely 

d,  i 

■  .i  :.• .  .hi.    iii  i     kfetalf 

nti  Chem. 

9,    !••!*.). 
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by  reflecting  it  back  from  the  roof,  the  heat  radiated  upward  from 
the  arcs.  Such  a  construction,  however,  violates  the  principle  that 
no  complications  are  permissible  in  the  hot  interior  of  a  furnace. 

The  patent  leaves  to  the  imagination  the  selection  of  a  material 
suitable  for  the  construction  of  this  movable  shelf. 

The  upkeep  and  repair  of  such  a  part  of  the  furnace  would  neces- 
sarily be  so  expensive,  difficult,  and  troublesome,  as  to  nullify  any 
advantage  that  might  accrue  from  more  directly  utilizing  the  heat 
radiated  upward  from  the  arcs.  It  is  unlikely  that  this  furnace  has 
ever  been  operated. 

INDIANAPOLIS  FURNACE. 

Late  in  1915  an  indirect-arc  furnace  operated  in  a  stationary  posi- 
tion, but  tilted  to  pour,  was  advertised  by  the  Indianapolis  Electro 
Metals  Co.  for  melting  brass.  This  furnace  was  single-phase,  built 
in  the  form  of  a  horizontal  cylinder,  with  electrodes  entering  at 
each  end,  but  the  electrodes  tilted  with  the  furnace,  thus  avoiding1  the 
joint  between  electrode  support  and  furnace  body  that  was  a  weak 
point  in  the  design  of  the  Weeks'  zinc  furnace.  Certain  claims  were 
made  as  to  the  performance  of  this  furnace,  and  photographs  of  the 
furnace,  which  had  a  capacity  of  perhaps  500  pounds,  taken  during 
the  pouring  of  a  heat  of  copper,  were  sent  in. 

The  data  and  photographs  were  lost  in  the  fire  that  destroyed  the 
Bureau  of  Mines  office  at  Cornell  University  in  1916.  Letters  ad- 
dressed to  the  firm  thereafter  were  returned  undelivered,  so  the 
data  and  photographs  could  not  be  replaced.  The  furnace  was  never 
in  commercial  use. 

STASSANO-TYPE    FURNACE    TESTED    BY    HANSEN. 

The  first  indirect-arc  furnaces  to  attain  any  real  commercial  use 
were  those  designed  by  Stassano,  so  indirect-arc  furnaces  are  often 
referred  to  as  being  of  the  Stassano  type,  just  as  direct-arc  furnaces 
are  referred  to  as  being  of  the  Heroult  type,  because  Heroult  was 
the  first  to  make  commercial  furnaces  of  that  type.  Siemens  96  had 
invented  and  described  both  types  long  before,  but  as  the  term 
"  Siemens  furnace  ,?  does  not  tell  which  type  is  meant  the  terms 
"Heroult"  and  "Stassano"  are  often  loosely  used  as  a  convenient 
shorthand  to  designate  the  direct-arc  and  the  indirect-arc  type  of 
furnaces. 

In  1913-1914  Hansen,  instead  of  continuing  with  the  Weeks  fur- 
nace, designed  a  Stassano-type  furnace  at  the  Schenectady  works  of 
the  General  Electric  Co.  for  melting  brass.  This  furnace  was  three- 
phase,  holding  3.500  to  4.000  pounds,  and  was  operated  without  the 

"  Siemens,  W.,  English  Patents  4,208  or  1878  and  2,110  of  1879. 
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on  of  the  Stassano,    When  it  was  tried  on  yellow 

e  overheating  of  the  charge  was  so  great  that 

ould  no!  be  kept  closed,  clouds  of  sine  vapor  escaped, 

iv  high;  the  product  analyzed  27  per  oen$  zinc 

ged  contained  :>;>  per  cent,  and  the  furnace 

nth  ii<»t  suitable  for  yellow  brass.    The  furnace  was  later 

ua?<.  other  purj  nd  no  detailed  records  of  its  operation  on 

liable. 

a    Manufacturing  Co.  also  tested  a   Stassano-type   fur- 
D  yellow  brass  and  encountered  such  difficulties  from  super- 
surface,   from   excessive  zinc  loss,  sticking  of  the 
.  and  attack  of  the  electrode  coolers,  due  to  condensation  of 
.  thai  thej  abandoned  it. 
A  I  there  was  in  January.  L920,  only  one  Stassano 

thai  one  ben  !  for  steel — in  the  United  States.     In 

.  i  largn   part  of  the  Bteel  furnaces  are  of  the  Stassano 
,'.\\Lr  to  recent  figures**  there  are  40  Bassanese,  26  Stas- 
sano. and  22  Angelini  furnaces,  or  88  indirect-arc-type  furnaces,  to 
14  I  It-mult  and  1"  Keller,  or  24  of  the  direct-arc  type.     The  Bassa- 
i    i   Aiiifelmi   furnaces  are  Stassano-type  furnaces  said  to  be 
mer  employees  of  Stassano. 

the   principle  of  a  single-phase  Stassano-type 
fin  ->    the    plan   of   a   three-phase   Stassano  steel 

fui 

STASSANO-PETINOT  FURNACE. 

ribes    Petinot's1  modification   of  the   Stassano  fur 

bich  mainly  t&  in  making  the  roof  so  thin  that  enough 

t   to  keep  tlie  roof   fairly  cool  and   hence  increase  its  life. 

,«i  the  plant  of  the  Titanium  Alloy  Manufac- 

the  only  information  given  on  the  test  is  that  1,000 

melted  in  b   190-kw.  furnace  in  less  than  two 

ted  on  :  nd  no  metal  losses  iriven. 

BUREAU  OF   MINES  TESTS   ON  SMALL  STASSANO-TYPE   FURNACE. 

ii  Idea  of  the  metal  losses  in  an  indirect-arc  fur- 
nude  a  f<  I  arting  in  March,  L918, 

hiiili    in    a    tOO-pound    Schwartz  open  (lame   oil- 
fur  through    the    kindness   of   the    Mauley    Down 


Iron  An',  w.i. 

:   .Four.  <lu   four  •  l<  <l  ri«|ii<-,  vol.  28, 
-I'.*.*  1015;  Ml  F.  M..  .in.)    IiiK'-Isrud, 

I  I.    10  14. 

ratnre:  Ttaot.  Am.   in«t.  Metals, 
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Figure  2G. — Diagram  snowing  principle  of  single- 
pliaso  Stassano-type  furnao  . 


Draft  Furnace  Co.  Two  graphite  electrodes  at  an  angle  of  about 
120°  entered  through  holes  cut  in  the  shell:  they  were  protected  by 
water  coolers  outside  the 
shell  and  were  adjusted  by 
a  crude  device.  The  regu- 
lar fire-brick  lining  was 
first  coated  with  a  layer  of 
asbestos  cement  and  later 
with  a  mixture  of  mag- 
nesite  and  alundum  cement. 
The  furnace  was  run  at 
about  35  kw.  On  eight 
heats  of  about  100  pounds 
each  of  yellow  brass  ingot, 
about  30  per  cent  zinc, 
poured  at  an  average  of 
1,050°  C.  (1,925°  F.)  the 
following  results  were  ob- 
tained :  804.5  pounds  were  charged;  775]  pounds  ingot  and  6J  pounds 
spillings  and  shot  reclaimed  from  slag  were  obtained — 782  pounds 

total,    a    net    loss    of    22^ 
pounds,  or  2.8  per  cent. 

In  seven  heats  of  an  alloy 
of  about  78  per  cent  copper, 
18  per  cent  zinc,  and  4  per 
cent  lead,  poured  at  about 
1,100°  C.  (2,000°  F.),  686 
pounds  ingot  were  charged. 
655<§  pounds  ingot  poured, 
and  14  pounds  metal  recov- 
ered from  spillings  and 
slag — total  660j  pounds,  a 
net  loss  of  Id!  pounds,  or 
lM  per  cent.  The  use  of 
salt.  glass,  etc..  for  a  slag 
seemed  to  have  no  meas- 
urable effect  in  reducing 
the   loss. 

The  furnace  was  kept 
tightly  closed  while  run- 
ning, and.  although  metal 
lie  zinc  Condensed  about  the  electrodes,  in  the  furnace  walls,  and 
in  the  pouring  spout,  no  fume  escaped,  atom  thai  sometimes  to- 
ward the  end  of  a  run  the  pressure  of  zinc  vapor  became  strong 


Figubi;    27. 


flan   of   three-pluuM   Btaaoa&e   pteel 

l'uriKH  e. 


|gg  •  R  LSS   n'lix.UT.  PRACTICE, 

out  the  luting  about  the  spout  plug.    At  such  times 

opened  to  pour,  b  hissing  stream  of  zinc 

ut  of  the  spout  for  several  feet 

In  ,  ose   from  this  cause,  the  temperature  of  the 

i  by  the  readings  of  a  pyrometer  situated  in  the 

fun  .ill  and  separated  from  the  charge  by  about  one-half  inch 

of  This  reading,  of  course,  showed  a  temperature  lower 

actual  temperature  of  the  metal,  and  only  approximate 

olation  to  the  true  temperature  was  possible. 

Iu  attempting  to  melt  yellow  brass  borings  many  difficulties  were 

1.    In  order  to  keep  the  borings  well  away  from  the  arc 

«,iil.  pounds  (oil-free  basis)  were  charged  in  one  heat  into  the 

fan  arm  from  a  previous  heat,  though  the  furnace  would  hold 

metal,  and  the   furnace  was  tilted  slowly  back 

rtfa  at   the  end  of  the  heat  in  the  hope  of  stirring  the  melt. 

pyrometer  in  the  hearth  read  900°  C,  which  corresponded 

<  .    in   the    metal    itself,  the    furnace    was   opened. 

h  the  bottom  of  the  melt  was  hardly  hot  enough  to  pour,  the 

Oiling  violently,  and  on  it  was  much  fine,  powdery  dross. 

<  >idy  46.25  pound-  of  inLfot  were  obtained,  or  about  IS  per  cent  gross 

loss:  -V'  pom  n  -  containing  about  (."»  per  cent,  or  5  pounds, 

rred.  bringing  the  net  loss  down  to  9j   per  cent. 

original    borings   contained   01.4  per  cent  copper,  84.9  per 

a   l'b..  and  the  ingot  analyzed  68.5  per  cent  cop- 

ciit  Zn..  8.8  per  cent  Pb. 

A  beat  of  1"')  pounds  of  borings  (97. r>  per  cent  metallic, 

oil-  pounds  salt  for  slag  gave  80-J  pounds  ingot 

natal    from  Blag,  a  gross  loss  of  about    L8  per  cent. 

i  nearly  6  per  cent,  with  the  same  difficulties  as  to 

ting  and  DOnuniformity  of  temperature  as  before. 

A  •    ..in-  meter  had  been  installed,  accurate  figures  of  power 

ot   obtained.     NO  runs  were  made  on  red  brass 

••  -  ■   .  .  •      ■     .'■'.  •   the    |  ricee    Of    fuel    and   crucible-    were   so   low   that 

med  limited  to  yellow  bra--,  where 

of    metal    lo-se-    might     bring    the    total    cost    of    electric. 

:     melting    with     fuel.     On    yellow    brass    the 

I    metal    1  qualing  or  exceeding 

and   hence  did   not   seem  suitable,  at 

•  •      f    '••   •       .r    \  f.il   modifications,   for  such  melting.     Without  modi- 

urface  of  the  metal,  directly 

i  arc    furnace    of    little    use    for 

Ithougli  the  superheating  and  the  melt 
ere  not  quite  as  bud  as  in 

li/cd    thai     if    an    indirect-arc    fur- 
nace v.  .  M  that  the  rate  at  which  beat  was 
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generated  by  the  arc  was  very  low.  the  thermal  conductivity  of 
the  charge  might  more  nearly  keep  pace  with  the  generation  of 
heat,  and  surface  overheating  might  be  minimized.  But  such  an 
underpowered  furnace  would  be  thermally  inefficient,  its  power  con- 
sumption per  ton  of  metal  melted  would  be  high,  and  its  rate  of 
production  low,  so  that  its  use,  even  if  the  excessive  metal  loss  could 
be  thus  prevented,  would  not  be  economical.  The  use  of  a  number 
of  very  small  arcs  instead  of  one  large  one,  in  order  to  distribute 
the  source  of  heat,  is  possible,  but  tends  to  complicate  the  furnace 
and  to  increase  its  cost. 


RENNERFELT  FURNACE. 

Only  one  stationary   indirect-arc   furnace,   the    Rennerfelt,3   has 
found  commercial  application  to  nonferrous  metals. 

According  to  Cone,4  out  of  148  Eennerfelt  furnaces  in  operation 
in  the  world  in  January, 
1920,  32  were  melting  non- 
ferrous  alloys,  8  of  these 
being  in  the  United  States 
and  Canada. 

The  Rennerfelt  furnace 
differs  but  slightly  in  prin- 
ciple from  the  Stassano 
furnace,  the  main  differ- 
ence lying  in  the  shape  of 
the  arc.  The  Stassano  is 
normally  a  three-phase  fur- 
nace, using  three  electrodes  — /)—  —  —  gi 
placed  120°  apart  and  at 
an  angle  of  some  15°  to  45° 
from  the  horizontal,  the 
three  electrodes  thus  point- 
ing toward  the  center  of 
the  furnace,  but  inclining 
slightly  downward.  The  arc  then  plays  from  any  one  electrode  to  the 
other  two,  forming  a  sort  of  Y  lying  on  its  side,  as  shown  in  figure  28. 

The  Rennerfelt  is  essentially  a  two-phase  three-wire  furnace2  the 
two-phase  current  being  taken  from  a  three-phase  line  by  the  Scott 
connection.  One  electrode  is  vertical  and  serves  as  a  common  return 
for  both  phases.  The  other  two  electrodes  are  horizontal  (or  in  some 
of  the  furnaces  are  movable  in  a  vertical  plane  so  that  they  may  be 

'Rennerfelt,   I.,   r.   s.   Patent    1,076,518,  Oct.  21.   1013:   Berlenlus,   -T..   U.   S.   Patent 
1,388.681,    Apr.    27,    1920.      For    a    vtodlflcatloa  I      eger,    L    C.    H.,    r.    s.    Patent 

1,888,914,  Mar.  16,  1920. 

*  Cone.  E.  v..  The  status  uf  the  electric  ■tee!  Industry:  iron  Ago,  vol.  iu0\  1920,  p.  7T>. 


Piouaa    28.-    Arrangement    of   connections  to 
trodes   Of   Et<  nnerfHt    furnace. 


elec- 
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*ome   l«'>     above  or  below  the  horizontal).     The  are 
horizontal  electrode  to  t he   vertical   electrode,  but 

J  repulsion  of  the  current  in  the  rarioua  electrodes  throws 

90  l hat  it  has,  roughly,  the  form  of  a  fleur-de-lis. 
the  vertieal  electrode  protects  t he  center  of  the 
reel    radiation  of  the  are,  whereas  in  the  Stassano 
pen   to  tins  radiation.     Therefore  the  root'  in  the   Ken- 
ther    things    being   e(|iial,   lasts    longer   than    that    in    the 
Although  the  Kennerfelt  is  a  much  newer  I'urnace  than 
.  it  has  been  used  much  more  in  this  country  for  steel 
.'though  lor  tliis  purpose  it  is  used  much  less  than  direct- 
In  recent  Rennerfelt  steel  furnaces  the  side  electrodes 
■    oi    being  tilted  so  far  downward   from  the  horizontal 
1.  the  furnace  may  he  operated  with  a  "free  burning" 
an   indirect-are   furnace — while  the  cold  charge  is 
own,  thus  making  the  arc  -table  at  the  time  when  a  direct 
By  tilting  the  side  electrodes  downward  the  arcs 
ter  he  drawn  to  the  surface  of  the  bath,  the  furnace 

illy  operated  as  a  direct-arc  furnace. 

be  Kennerfelt  on  brass  in  this  way  would  result  in  worse 

<>f  the  surface  than  running  as  an  indirect-arc  furnace, 

_   of  the  electrodes  would  preferably  be  upward  in 

•  .    the  arc  away  from  the  top  of  a  new  cold  charge. 

melted  the  arc  might  he  lowered.    However,  this 

the  maintenance  of  a  reflectory  ball-and-socket  joint 

T t i 1 1 *_r  away  of  the  refractory   about  the  electrode  to 

:   •.  thus  weakening  the  furnace  and  increasing  the  loss 

Most    >f  the  furnai  ed  on  oonferrous  alloys  do  not 

amplication,  and  it<  value  for  such  use  is  questionable. 

rly    fi,  had    the    form    of    horizontal    cylinders,   but 

« 1 1 \-   bttilt    as   upright    cylinders,   as  shown    in 

\11.  .!    (:  .  the  domed   roof  being  removable  for  easier 

It  furnace  WU  described  by  vom  Bauiv'  who  claimed 

on   figure!   "i    L66   kw.  h.   per  metric  ton    (153   per 

I  L97  per  metric  ton  ( 17J)  per  short  ton)  on 

pel     short    ton    OO    leaded    hearing   metal. 

ad    in  I     tcel    furnace   hot    from  a   melt   of 
J    Stored   heat,  .so  Ihal    the  ligu, 
■    i,ot   been  attained  in  regular  opera 

n  their  representing  about  LOO  per  cent 


'ii.    I'll  r  |  n.i  Ihmii.    HOC, 
'    '    '    •■■•'■.'     fui... peratlon :   Trans,    Am.    Electrocheni. 
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SWEDISH    DATA    ON    THE    RENNERFELT    FURNACE. 

The  first  account  of  the  operation  of  the  Rennerfelt  furnaces  on 
brass  was  given  in  1914,°  when  it  was  stated  that  in  a  hot  60-kw. 
furnace  209  pounds  copper  were  melted  in  30  minutes  at  the  rate  of 
290  kw.  h.  per  ton  and  164  pounds  of  60:40  brass  (from  copper  and 
zinc)  in  20  minutes  at  the  rate  of  244  kw.  h.  per  ton.  According  to 
this  account  the  brass  was  of  excellent  quality  and  there  was  prac- 
tically no  loss  from  oxidation.  As  this  report  suggested  that  the 
furnace  was  applicable  to  yellow  brass,  inquiry  was  at  once  made 
for  further  details.  The  reply  said  that  the  copper  was  first  melted, 
and  the  zinc  then  added  and  heated  for  seven  minutes,  and  that 
a  very  little  zinc  oxide  was  noticed  flying  around  the  furnace."  The 
charge  was  44.5  kg.  copper  and  30  kg.  zinc.  The  alloy  obtained 
analyzed  38.1  per  cent  zinc.  On  the  assumption  that  there  was  no 
loss  of  copper,  the  zinc  in  the  alloy  amounted  to  27.4  kg.  and  the  total 
weight  of  alloy  was  71.9  kg.,  a  loss  of  2.6  kg.,  or  3.5  per  cent. 

In  1916  some  further  information  was  obtained  on  the  operation 
of  a  50-kw.,  600-pound  furnace  at  the  Nordiska  Armatur  Co.  in 
Sweden.  The  power  consumption  (with  furnace  hot,  that  is,  24- 
hour  basis)  on  60 :  40  brass  made  from  copper  and  zinc  was  about  225 
kw.  h.  per  short  ton.  The  metal  loss  ran  from  6  per  cent  to  4  per  cent 
on  60 :  40  brass,  according  to  the  nature  of  the  charge.  On  red  brass 
melted  by  the  Atvibaberg  Co.  the  average  power  consumption  was 
365  kw.  h.  per  ton  and  the  metal  loss  under  1.5  per  cent. 

In  a  similar  furnace  running  at  about  65  kw.,  at  the  Svenska 
Metallverken,  the  power  required  to  melt  copper,  with  the  furnace 
fully  hot  at  the  start,  was  220  kw.  h.  per  ton,  but  if  the  metal  had  to 
be  superheated  (temperature  not  given)  it  took  340  kw.  h.  per  ton. 
The  gross  metal  loss  on  scrap  copper  was  under  1  per  cent  and  corre- 
sponded with  the  amount  of  nonmetallic  present,  the  true  metal  loss 
being  practically  zero.  In  a  1,200-pound  furnace  on  a  run  of  254 
tons  the  average  power  consumption  on  pure  copper  was  365  kw.  h. 
per  ton,  but  this  probably  refers  to  24-hour  operation.  The  metal 
loss  was  0.86  per  cent,  no  deduction  being  made  for  dirt  on  the 
charge,  which  was  mainly  old  scrap.  The  electrode  consumption 
with  carbon  electrodes  was  10  pounds  per  ton,  but  it  is  stated  that  this 
would  be  halved  with  graphite  electrodes. 

The  furnace  was  reported  to  melt  copper,  bronze,  and  red  brass 
much  better  than  yellow  brass,  the  zinc  fumes  condensing  on  the  elec- 
trodes in  melting  yellow  metal  and  care  being  required  in  cleaning 
the  electrodes  from  time  to  time. 

As  experience  was  gained  with  Che  furnace  its  agents  saw  that  it 
was  not  applicable,  under  American  conditions,  to  alloy.-  high  in  zinc. 

•Anonymous,  A  small-sized  elect iK--arc  furnace:   Met  ami  Cliein.   Eng.,  vol.   1U.    1914,  p. 

liT5. 
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»  literature  carefully  point  out  thai  attempts 
-  with  much  more  than  20  per  cent  zinc  arc  not  desirable. 
shown  that  at  the  normal  pouring  temperatures  the 
DC  vapor  t'or  the  various  brasses  IS  as  follows: 

Partial  pressure*  <■■  Hnc  vapor  for  different  brasses. 

Partial  pressure 

of  zinc. 

Cal  -, atmospheres   _  0.  78 

do .  71 

Cu70,  Zn30  do .  GG 

Zn20  do .33 

M  of  the  high  volatility,  at  pouring  temperature,  of  zinc  in 

rich  in  zinc  it  is  obvious  that  not  much  local  overheating 

led  to  cause  a  large  loss  of  zinc,  and  that 

leeway  on  the  80:20  alloy.    Commercial  practice  with 

rfell  agrees  with  the  theory.    As  a  matter  of  fact,  even  on 

alloy  the  loss  in  an  indirect-arc  furnace  is  higher 

thai  ler  types  of  furnaces  that  are  freer  from  surface  overheat- 

peration  of  the  indirect  arc  furnace  is  troublesome. 

j    the   metal   loss,  the   furnace  has  been   used   in 
loys  high  in  zinc.     The  data  on  a  test  made  in  June, 
•  Il'tw  : 

MELTING    YELLOW    BRASS   IN    A    LOW-POWERED    RENNERFELT. 

it  3,000  pounds  capacity,  operated  at  about 

i  had  a  225-kv.  a.  transformer.    The  power  input  was, 

however,  held  down  to  about  11"  kw.  (93  to  127)   in  order  to  avoid 

much  as  possible.  After  a  heat  was  poured  the 

ip  wit!  I.")  per  cent  zinc  was  charged,  pouring  and 

-lit   an  hour.     The   furnace  was   fully  hot  at  the 

t,  and  was  operated  23  hours  a  day.  not  being  run 

Ml. 

1  pounds   (2,750  pounds  scrap  plus  111)  pounds 

i'  the  heat),  or  11. -H  tons,  were  melted  in  38 

o  midnight   periods,  or  36  hours,  3,478 

J  kw.  h.  per  ton.     The  rale  of  production  was 

hour,  leaving  out  the  idle  hour  at  mid- 

iption  was  l',1  pounds  per  ton  of  metal 

I  !  carbon   electrodes  with   graphite 

tor  was  about  85.     Cast    iron 

i     \.»rc  used  about  the  elec- 

■    on  the  nonferrous  coolers  arid 


Jour.  Am.  in  i    Metals,  rot 
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The  net  metal  losses  are  given  as  2^  to  3  per  cent  on  the  metallic 
basis,  oil  and  dirt  on  the  charges  being  allowed  for.  To  2,750  pounds 
of  scrap  110  pounds  of  zinc,  or  4  per  cent  of  the  weight  of  the  scrap, 
are  added  to  compensate  for  the  volatilization  loss  and  maintain  the 
composition. 

Such  a  loss  is  greater  than  that  in  good  fuel-fired  crucible  practice 
in  American  rolling  mills.  Under  Swedish  conditions,  however, 
melting  yellow  brass  in  the  Rennerfelt  is  cheaper  than  in  fuel-fired 
furnaces,  even  at  the  low  power  input  used,  which  gives  a  low  rate 
of  production  and  a  high  power  consumption,  considering  that  the 
furnace  was  large,  the  melting  point  of  the  alloy  low,  and  the  furnace 
was  operated  23  hours  a  day.     Probably  the  prices  of  zinc  and  of 

•  crucibles  do  not  differ  greatly  in  Sweden  and  in  the  United  States; 
but  at  the  time  of  this  test  coal  was  costing  $50  to  $75  per  ton  in 
Sweden  and  coke  was  correspondingly  high,  whereas  electric  power 
could  be  had  at  1  cent  or  less  per  kw.  h.  Melting  with  coke  there- 
fore cost  so  much  more  for  fuel  than  melting  with  electricity — say 
$15  to  $20  per  ton  of  brass  for  coke  melting  against  $3  per  ton  for 
electric  melting — that  the  loss  of  even  3  per  cent  more  zinc  or  60 
pounds  per  ton,  at,  say,  10  cents  per  pound,  or  $6,  was  far  more  than 
made  up  by  the  $12  to  $17  lower  cost  of  power  than  of  coke,  plus  the 
saving  through  elimination  of  crucibles. 

Under  American  conditions  melting  60:40  brass  in  a  stationary 
indirect-arc  furnace  would  be  decidedly  uneconomical.  A  firm  nor- 
mally melting  red  brass  in  such  a  furnace  could,  of  course,  make  an 

,  occasional  heat  on  an  alloy  high  in  zinc,  at  the  cost  of  some  extra 
metal  loss,  by  reducing  the  normal  rate  of  power  input  and  thus 
lessening  surface  overheating.  If,  however,  the  plant  were  to  pro- 
duce any  notable  proportion  of  alloys  high  in  zinc,  a  type  of  furnace 
giving  better  results  on  such  alloys  should  be  chosen. 

DATA  ON  A  100-KW.  RENNERFELT  FURNACE  AT  GERLINE  BRASS  FOUNDRY. 

Through  the  courtesy  of  the  Gerline  Brass  Foundry  Co.  a  repre- 
sentative of  the  Bureau  of  Mines  was  allowed  to  watch  the  100-kw. 
Rennerfelt  furnace  in  operation  at  that  company's  plant  and  was 
given  full  data  on  the  first  117  heats  made  with  it  in  1917,  though 
metal  loss  determinations  had  been  made  on  some  50  heats  only. 

The  arcs  normally  operate  at  about  100  volts,  but  by  throwing 
switches  another  transformer  tap  can  be  used,  giving  70  volts.  Each 
phase  contains  a  two-coil  reactance,  and  by  switches  all,  half,  or  none 
of  the  reactors  may  be  used.  Tf  the  arcs  are  snappy  when  starting 
up  from  the  cold,  all  the  reactance  is  thrown  in;  with  the  furnace 
at  full  temperature  and  tin-  arcs  stable  it  is  all  cut  out.  The  power 
factor  varies  from  75  to  85. 
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g  about  -1 1  by  II  by  1  feet  high,  and  the  furnace 

hollow  trunnions,  through  which  the  side  electrodes, 

capable  of  vertical  adjustment,  enter  the  furnace  body. 

graphite,  the  side  ones  being  2  inches  in  diameter, 

.  which  Is  the  common  return  for  both   phases  and 

•nut  than  the  side  ones,  being  l\  inches  in  di- 

..   side  elei  trodes  carry  about  860  amperes  each,  in  normal 

By  I  oi  rods  and  gears  the  side  and  top  electrode* 

ted  by  handwlucls  at  the  back  of  the  furnace,  from 

n  the  switchboard  and  meters  can  be  seen.     The  elec- 

ss  through  water  coolers,  but  the  electrode  holders  them- 

DOi  water  cooled.     The  electrode  control  does  not  allow  the 

be  drawn  completely  out  of  the  way  while  charging, 

■de  holders  have  to  be  unscrewed  to  allow  the  electrodes 

tiled  back  out  <>f  the  way.  as  is  regularly  done  when  charging. 

:i  660  pounds  of  metal.     The  bottom  of  the 

bee  below  the  horizontal  electrodes.     As  the  arcs  are 

nward,  the  tip  oi  the  arc  flame  comes  rather  close  to 

charge.     The  shell  is  lined,  first  with  1  inch  of 

in  which  is  a  41-inch  layer  of  Woodland  fire  brick,  and 

hin  this  h  layer  of  silica  brick  on  the  sides,  which  is  eov- 

unmed-up  material,  ganister  plus  a  cement  of  fine  silica 

eed  oil  and  water  glass,  that  also  forms  the 

rooi   is  made  up  of  a  4.1-inch  layer  of  clay- 

irundum  brick,  covered  by  44  inches  of  fire  brick.     The 

!   is  ii"t   lagged  above  the  fire  brick,  but  the  edges 

ith  infusorial  earth  brick  and  cement. 

\  2  opening  ifl  covered  by  a  sliding  door  of 

frame,  irhicb  is  wedged  up  to  tighten  it.    The 

•    bottom  of  the  charging  Opening  is  closed  by  a 

it    tightly  closed  while  running 

"ii  jobbing  work  and  it  has  seldom  been  neces- 

'      it      maximum   production.     Often   the 

back   while  waiting  for  molds  to  be  put 

in  those  <>n  which  it  would  show  maximum 

I.     It  has  been  operated  only  on  one 
I  L0  h<. mi-  .  never  on  a  24  hour  basis.    The 
!v  from   1 ,500  to  2,600  pound-  B  day. 

■    tar   from  550   pounds  each,  or 

I  \'<>i  them,  including  all  pre- 

3,15<J  lav.  h..  or  Jiboui  575  kw.  h. 

lar  practice,  without   pushing 
hed  the  furnace  can  melt 
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on  10-hour  operation  about  3,500  pounds  of  red  brass  at  about  475 
kw.  h.  per  ton.  Though  so  small  a  furnace  would  probably  not  be 
used  for  24-hour  operation,  it  should  give,  if  operated  24  hours  a 
day,  with  no  unnecessary  delays,  nearly  5  tons  a  day  at  about  380 
kw.  h.  per  ton.  The  electrode  consumption,  exclusive  of  breakage, 
Was  about  3|  pounds  per  ton.  Very  few  electrodes  were  broken 
when  operating  on  red  brass,  but  the  breakage  was  high  when  melt- 
ing an  alloy  of  20  per  cent  zinc.  The  carborundum  roof  appeared 
good  for  more  work  after  400  heats. 

The  furnace  has  been  used  on  a  few  heats  of  Monel  metal,  turn- 
ing out  500  pounds  in  four  hours,  at  the  rate  of  about  1,200  kw.  h. 
per  ton,  and  as  there  are  no  volatile  metals  in  Monel  metal  the  loss 
ranged  from  zero  to  one-tenth  of  1  per  cent.  Very  good  Monel  cast- 
ings were  made  from  metal  melted  in  the  furnace. 

Pure  copper  has  been  melted  in  the  furnace,  starting  hot,  at  the 
rate  of  500  kw.  h.  per  ton  and  with  a  loss  of  two-tenths  of  1  per  cent. 
On  16  heats  of  red  brass,  made  from  scraps,  gates,  ingot,  and  new 
metals,,  in  which  8,669  pounds  were  melted,  8,469  pounds  ingot  or 
castings  were  recovered,  giving  a  gross  loss  of  2.3  per  cent,  no 
deduction  being  made  for  metal  recoverable  from  slag  or  for 
spillings.  In  the  coke  fires  the  gross  loss  on  this  material  was  said 
to  be  about  4  per  cent. 

On  26  heats  of  "  half-yellow  half- red  " — that  is,  an  alloy  made  up 
of  half-red  scrap,  ingots,  or  gates  and  half -yellow  ingots,  the  mixture 
containing  20  to  22  per  cent  zinc — 13,689  pounds  were  melted  and 
13,347£  pounds  were  obtained,  giving  a  gross  loss  of  342J,  or  2.46 
per  cent.  The  gross  loss  in  melting  this  material  in  coke  fires  was 
given  as  4.5  per  cent.  On  three  heats  from  1,700  pounds  of  all  bor- 
ings (20  per  cent  zinc)  1,621  pounds  were  obtained,  a  gross  loss  of 
79  pounds,  or  4.6  per  cent.  On  two  heats  from  1,191  pounds  of  all- 
yellow  ingot  (about  36  to  40  per  cent  zinc)  1,071  pounds  were  ob- 
tained, the  furnace  being  run  at  a  low  power  input  to  reduce  local 
overheating,  a  gross  loss  of  48  pounds,  or  4  per  cent.  The  loss  on 
this  in  coke  fires  is  given  as  3.5  per  cent. 

On  one  heat  of  all-yellow  borings  308  pounds  were  charged.  The 
furnace  could  not  be  held  tight,  though  the  power  input  was  kept 
down  to  GO  kw.,  and  a  flame  3  feet  long  shot  from  the  furnace 
throughout  the  latter  part  of  the  heat.  Only  158  pounds  ingot  could 
be  poured  from  this  heat,  the  rest  of  the  metal  being  volatilized  or 
coming  out  as  powdery  dross. 

Even  on  the  20  per  cent  zinc  alloy,  melting  half- red  scrap  and  half- 
vcllow  ingots,  there  was  much  trouble  from  zinc  vaporizing,  con- 
densing on  the  electrodes  and  making  them  stick  in  the  furnace  walls 
or  water  t  tolers,  80  that  they  could  not  be  adjusted.  In  taking  them 
out  to  clean  them  from  the  zinc  deposit  much  time  was  lost,  and  in 
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ii  the  -J'1  per  cent  zinc  alloy  nine  electrodes 
The  Gerlin*  states  that  the  furmace  does  wonder- 

ful x     iu-1  metal,  excellent  work  on  copper  and  red  brass, 

rily,  all  things  considered,  on  the  20  per  cent  zinc 
•inpany  would  not  recommend  it  "under  any  cir- 
anyone"  for  yellow  brass.     On  one  heat  of  an  alloy 
i  few  castings  from  the  last  ladle  were  said  to  be 
:  ly   pine  lead,  but   it    was  also  stated  that   this  trouble  could  be 
ome  by  careful  stirring.     In  general,  the  quality  of  the 
is  that    from  pit  tires,  and  on  account  of  the 
rucibles  in  L917  the  Gerline  Co.  was  of  the  opinion 
•  the  melt  -    lecidedly  low.     Although  this  furnace  was 

. .  it  has  not   been  operated  recently  because  the  cen- 
tra supplying  power  has  been  too  heavily  loaded  to  carry 
ill  furnai 

OTHER  RENNERFELT  FURNACES  IN  USE. 

A  It  furnace  of  one  of  the  older  types  of  about  600  to 

kw.,    was    installed   by   Titanium    Bronze  "Co.    a 
•  .  but  its  installation  was  delayed.     The   furnace 
ot  well  arranged  mechanically  and  melting  practice 
iblished  in  oil;  the  electric  furnace  was  used 
.v   trial   h<ai-   and  never  thoroughly  tested.     Another 
pounds  capacity,  as  well  as  a  Snyder  of  similar 
installed   at   the  laboratory  of  the  Chile  Exploration 
<  but  both  are  used  \'<>v  purely  laboratory  pur- 

materials,  not  for  regular  production. 

are  also  installed   for  laboratory  or  test  pur- 
Harris  (  ■»..  Elaynes  Stellite  Co.,  and  (General 
I        Hayni     Stellite,  Co.  says  that  its  furnace  is  not 

A     mail  ,  <    ,it    the   A<ieral    Co.'s   j>lant   for 

ma  '*   for  use  in  aluminum  alloy-  before  that   plant 

i    been  installed  for  a  similar  purpose 
Springfield,  Ma 

i    tailed  by  the  Hardite  Metals 
on  nickel-chromium  alloj 

PKXrORMAVCZ    OT    HENKERFELT    FURNACE    AT    PHILADELPHIA    MINT. 

kw.,  LlO-VoU   Rennerfeli  began 

Mint.     The  director  of  I  he   mini  ''  has 

if  i'*n  of  the  furnace  and  has  kindly 


rot.  kit.  1021,  p.  <;'•». 
•    t  ',<•    mint    f'<r    H'<-    Qscal  •  Ddlng 

i  j. 
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furnished  other  information  which  is  included  below.  The  furnace 
usually  ran  24  hours  a  day,  and  in  some  50  weeks  of  regular  oper- 
ation produced  over  1,300  tons  of  coinage  alloys — cupronickel, 
bronze,  and  silver.  The  average  power  consumption  per  net  ton  of 
product  in  this  period  was  500  kw.  h.  for  cupronickel,  300  for  bronze, 
and  200  for  silver,  these  figures  including  all  operation,  whether  on 
one  8-hour  shift  or  on  24-hour  operation. 

CUPRONICKEL. 

On  cupronickel,  which  is  75  per  cent  Cu  and  25  per  cent  Ni,  a 
typical  21-hour  run  shows  10  heats  of  1,000  pounds,  or  5  tons  melted 
at  440  kw.  h.  per  ton.  On  8-hour  operation,  three  heats,  1|  tons  can 
be  made  at  650  kw.  h.  per  ton. 

The  net  metal  loss  on  cupronickel  is  one-fourth  of  1  per  cent. 
While  there  are  no  volatile  metals  in  this  alloy  to  be  lost  by  vaporiza- 
tion, in  order  to  get  the  best  quality  of  metal  it  is  essential,  notwith- 
standing that  the  atmosphere  of  the  furnace  may  generally  be  reduc- 
ing, to  keep  the  furnace  tightly  closed  against  the  entrance  of  air. 

It  was  thought  that  the  heat  loss  and  the  oxidation  due  to  double 
pouring  made  desirable  rigging  the  furnace  to  pour  direct  into 
the  bar  molds,  though  a  ladle  with  a  "teapot"  spout  helped  some- 
what. It  was  decided  that  Rennerfelt  furnaces  to  be  installed  there- 
after at  the  mint  should  have  automatic  electrode  control  and  should 
be  built  to  tilt  around  the  spout  for  direct  pouring.    . 

The  cupronickel  melts  proved  to  be  homogeneous  without  stirring, 
as  in  this  alloy  both  components  are  mutually  soluble  and  have  no 
tendency  to  segregate. 

The  melting  cost  on  cupronickel  is  given  as  $9.45  per  net  ton,  which 
is  less  by  50  per  cent  than  the  cost  in  gas-fired  crucible  furnaces. 

COINAGE  BRONZE. 

On  coinage  bronze,  which  is  95  per  cent  Cu  and  5  per  cent  Sn  and 
Zn.  about  4  per  cent  Sn  and  1  per  cent  Zn,  a  typical  24-hour  run  shows 
12  heats  of  1,065  pounds  each,  or  about  6£  tons  melted  at  325  kw.  h. 
per  ton. 

On  8-hour  operation  the  output  is  about  3,500  pounds  at  400  kw.  h. 
per  ton.  The  metal  losses  seem  to  run  slightly  higher  than  the  0.3  per 
cent  loss  regularly  obtained  in  the  mint  crucible-furnace  practice, 
going  up  to  one-half  or  three-fourths  of  1  per  cent,  perhaps  owing  to 
greater  volatilization  of  zinc,  but  it  is  thought  that  with  experience 
this  can  be  kept  down  to  the  0.3  per  cent  figure.  Such  a  figure  in 
either  type  of  furnace  would  hardly  be  obtained  in  ordinary  foundry 
practice;  it  was  obtained  at  the  mint  because  of  the  workmen's  skill. 
gained  by  working  on  the  precious  metals,  in  saving  every  drop  or 
68723  —l'± U 
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metal.     The  mint  considers  t hat  the  furnace  would  give  an 
rinc  on  high-zinc  alloys. 
\  -  experienced  in  getting  a  homogeneous  product  on 

.  and  even  coinage  silver   (90  parts  kg  and  10  parts 

kown  uniformity  in  samples  taken  from  top  and  bottom  of 

the  melt.      \      ngregation   would  be  expected   in  the  bronze  alloy. 

the  handling  of  coinage  silver  to  avoid  segregation  is  more 

ak. 

furnace  roof  and  lining  was  silica  brick;  outside  the  9-inch 

k  on  the  sides  is  2J-inch  fire  brick,  then    1-inch  asbestos 

The  hearth  is  of  ganister  bonded  with  water  glass.     The 

life  of  the  lining — 1,277  heats  for  the  furnace  body  and  800  to  1,000 

t>  for  the  root — is  amazingly  good  in  view  of  the  pouring  tem- 

I  eupronickel,  the  material  chiefly  melted. 

long  life  of  the  silica  roof  is  doubtless  due,  in  part  at  least,  to 

furna<c  having  been  normally  run  24  hours  a  day  and  never 

alio-  I  unless  repairs  were  to  be  made. 

I  >n  all  of  the  alloys  melted  the  mint  figures  a  saving  of  40  per 

cent  in  melting  cost  over  former  fuel-fired  practice.    The  output 

ler  was  doubled  over  that  from  crucibles. 

1  iter  report  M  of  the  director  of  the  mint  further  data  on  the 

ration    of    the    1,000-pound    KennerlVlt    are    given.     In    melting 

sih-  the  furnace  handled  18,000  pounds,  or  9  tons,  in  24  hours. 

1     :         '  _r  1,585  t<»ns  of  silver  coin  the  average  power  consumption 

~~.\   kw.   h.   per  ton.  24-hour  operation,  the  cost  for  electric 

0  being  over  60  per  cent  less  than  the  corresponding 

cost  of  r  ton  for  melting  in  crucible  furnaces.    The  furnace  did 

not  retrain         er  relining  or  a  new  roof  during  the  3,191  heats  re- 

melt  the  1 ,585  tons  of  silver  coin.    The  metal  losses  in  melt- 

•  re  approximately  one-tenth  of  an  ounce  per  1.000 

in  10,000,  or 0.01  percent,  a  most  remarkable  figure 

*n<:  lined  in  crucible  melting.     The  director  of 

!  doe  '<»  the  fact  that  the  furnace  construction 

of  flue  prevent   metal   from  going  up  the  chimney, 

and.  t<  method  of  pouring  is  cleaner  and    fewer  mechanical 

Io0n  ire  i  ffi  •.•.'." 

ilver  coin  the  original  1,000-pound  Pur- 
n«r«  wis  i  1  her  having  automatic  electrode  control  for 

!  tilting  on  the  lip  for  dired   pouring  into 
!  heal    of  eupronickel,  one  heal  of  pure 

of  nickel,  and    1  b'  heatfl  of  coinage 

hen  it  v  i     l, ut  down  until  the  installation 

r    Of    Mm-    mint     for    tl  I       .-nUlnft 

i  Coleman,  n.  D.,  \r  Itlng  In  n 
1020,  p.    I"'1.. 
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of  another  similar  furnace  of  1-ton  capacity,  as  shown  in  Plate  X,  A 
(see  p.  148) ,  was  complete.  Another  1, 000-pound  furnace  was  ordered 
for  the  San  Francisco  Mint.  The  electrode  consumption  is  2^  to  1 
pounds  per  ton  of  metal  melted,  depending  on  the  character  of  the 
charge.  Though  a  week's  run  demonstrated  that  the  lip-pouring 
device  allowed  pouring  direct  into  molds  with  precision,  it  was  con- 
cluded that  ladle  pouring  gave  better  ingots  and  was  more  practical. 
A  200-pound  ladle  is  put  on  a  car,  rolled  under  the  spout,  filled,  and 
pulled  to  the  molds,  where  it  is  lifted  in  a  shank  and  hung  in  a  bail 
on  a  hoist,  the  metal  then  being  poured  into  molds  resting  on  a 
turntable.  Use  of  larger  ingot  molds,  being  poured  simultaneously, 
and  of  larger  ladles  are  to  be  tried  to  shorten  the  pouring  time. 

The  makers  of  the  Rennerfelt  furnace,  however,  state  that  the 
casting  table  or  device  by  which  the  molds  are  spotted  in  front  of 
the  spout  did  not  work  very  well,  retarded  pouring  too  much,  and 
kept  the  spout  open  too  long.  They  consider  nose  tilting  desirable 
if  the  furnace  can  be  emptied  very  rapidly. 

As  the  work  at  the  mint  demands  the  highest  quality  of  product, 
this  point,  as  well  as  the  mint's  conclusion  that  the  furnace  must  be 
tightly  closed  to  prevent  oxidation  and  the  resultant  lowered  qual- 
ity of  product,  deserve  close  consideration  by  users  of  electric  fur- 
naces. The  Gorham  Mfg.  Co.,  Providence,  R.  I.,  has  installed  a 
Rennerfelt  for  melting  silver. 

PERFORMANCE  OF  RENNERFELT  FURNACES  ON  LEADED  BEARING  BRONZE. 

Besides  the  Snyder  furnaces,  the  Chicago  Bearing  Metal  Co. 
operated  two  300-kv.  a.,  1-ton  capacity  Eennerfelt  furnaces  on 
leaded  bronze,  70  to  75  per  cent  Cu,  15  to  20  per  cent  Pb,  about  6 
per  cent  Sn,  balance  Zn,  Sb,  Fe,  etc.  The  furnaces  take  current  at 
100  to  110  volts.  In  a  test  of  these  furnaces  in  1017  in  130  heats 
the  average  power  consumption  was  about  285  k\v.  h.  per  ton  on 
20-hour  operation,  and  from  the  data  full  24-hour  operation  should 
give  a  figure  of  about  270  kw.  h.  per  ton.  The  output  was  lower 
than  that  from  the  Snyder  furnaces,  10  to  11  tons  being  obtained  a 
day.  The  rate  of  power  input  to  the  Snyder  furnaces  was  con- 
siderably higher  than  that  to  the  Rennerfelts.  The  metal  losses 
seemed  to  be  somewhat  lower  than  in  the  Snyders. 

The  Rennerfelt  furnaces  had  loosely  fitting  water-cooled  bronze 
sleeves  about  the  side  electrodes  at  the  entrance  to  the  furnace,  the 
side  electrodes  being  3-inch  diameter  graphite  and  the  top  one  4-inch 
diameter.  Trouble  was  encountered  from  deposition  within  these 
sleeves  of  metallic  zinc,  or  zinc  oxide,  and  lead  and  antimony  or  their 
oxides.  Then  the  electrodes  would  bind,  and  as  the  electrode  sup- 
ports and  adjusting  mechanism  were  not  very  rigid,  a  twisting  stress 
was  set  up  and  the  electrodes,  especially  the  side  or  3-inch  electrodes, 
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The  actual  electrode  consumption   ran  at  about   54 

metal  melted,  plus  about  -J  pounds  per  ton  mote 

Damage  to  the  water  coolers  was  also  common. 

v  in  L918  the  use  of  the  water  coolers  was  abandoned  and 

1  through  large  holes,  about  6  by  8  inches,  in 

•m   down  the  sticking  of  the  electrodes, 

mi  oxidize  more  readily,  the  joints  became  weak,  and 

i    increased   greatly,  being    nearly    three 

much  t  -t  month  after  the  change  as  it  was  before. 

•  hc'l  by  a  representative  of  the  bureau  in  101S,  two 

ter  the  coolers  were  eliminated.  33  electrode  sections  had  to 

iUS    of  b  .  usually  at  the  joint,  which  had  been 

by  burning.     The  broken  sections  were  not  always  a  total 

to  be  rethreaded  into  shorter  sections. 

i-nmption  has  since  been  reduced  by  using  4-inch 

a-  well  as  on  the  top.  these  electrodes  being 

;  ,m  ind  the  burning  of  the  joints  without  becoming 

It  furnaces  are  lined  with  tin*  same  mixture  of  car- 
fin     J;iii  (day.   and    molasses   as   the    Snyders.   and 
fs«     At  present  the  hearth  lasts  about  4<>o  beats 

.lid  the  roof   LOO  to   ISO  heats,  on  8-hoUTj  one- 
While   on   20-hour  operation    in    L918   the  cost  of 
:i<»t  included,  for  Rennerfelt  roofs  and  linings,  dur- 
•'       is,  three-months9  output,  two  furnaces,  aver- 
-  .     The  Lining  life  at  that  time  was  not  as  good, 
•■in  d.  as  in  the  Snyder,  whereas  the  later  figures, 
\  it  to  be  slightly  better. 

pollings   about    tiie   electrodes   the   Kennerfelt 

dit.  and  in  this  condition  gives  off  as  much 

I  i    metal  losses  in  tests  of  Rennerfelts,  oper- 

low  the  e  reported  in  tests  of  the  Sny- 

13  pounds  of  metal  and  souk 
<-h  about    180  pounds  metal   would  be  re- 
1  pounds  was  957  pounds,  or  2]  per 

m  aboi  pounds,' or  2j  per  cent    No  account 

•  i   '■'  dirt  or  other  nonmetallic  in  the  charge,  but  it  was 

:;•  -  nerfeUfl  in  the  L918  tests  m 

Though  the  true  difference 

:  d  the  hVnnerfVlt.  botb 

out  and  dec!  rodes,  may  not   be  in 

much  I  .'>   per  rent, 

fell — i»  la  believed  that  the  Rennerfell 
hasa  1  than  tl 
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In  the  1918  tests  the  Rennerfelts  were  giving  only  seven  to  eight 
1-ton  heats  in  19  to  20  hours,  while  the  Snyders  were  giving  13  heats 
of  the  same  weight  in  the  same  time.  The  Snyder  power  consumption 
was  only  about  280  kw.  h.  per  ton,  whereas  the  Rennerfelts  on  57  1-ton 
heats  used  18,860  kw.  h.,  or  about  330  kw.  h.  per  ton.  On  a  full  24- 
hour  schedule  the  Snyders  seemed  capable  of  melting  at  265  kw.  h. 
per  ton  and  the  Rennerfelts  seemed  capable  of  melting  at  300  kw.  h. 
per  ton. 

Several  factors  contribute  to  the  lower  output  and  higher  power 
consumption  of  the  Rennerfelts.  The  Snyders  could  be  charged 
more  rapidly  on  account  of  their  suitability  for  mechanical  charging, 
but  the  Rennerfelts  have  to  be  charged  by  hand.  The  use  of  small 
uncooled  electrodes  and  the  consequent  loss  of  time  from  excess 
breakage  handicapped  the  Rennerfelt.  and  in  that  furnace  much  heat 
was  lost  about  the  electrode  openings.  The  greatest  factor  in  the 
relative  slowness  of  the  Rennerfelts  was,  however,  the  low  rate  of 
power  input,  the  Rennerfelts  being  run  at  about  200  kw.  and  the 
Snyders  averaging  310  kw. 

The  power  factor  of  the  Rennerfelts,  however,  was  satisfactory, 
being  around  75  on  the  60-cycle  current  used,  whereas  that  of  the 
Snyders  is  much  lower. 

Much  better  results  as  to  rate  of  production  were  later  obtained 
with  the  Rennerfelt  furnaces,  after  the  electrodes  were  all  made  4 
inches  in  diameter,  and  after  adopting  the  plan  of  basing  the  pay 
of  furnace  tenders  on  a  certain  number  of  heats  instead  of  paying 
by  the  hour.  This  plan  has  cut  about  two  hours  off  the  running 
time,  the  furnaces  being  operated  one  shift  only  during  most  of 
1919,  because  the  furnace  tenders  hold  a  much  higher  power  input 
than  before,  take  more  care,  and  are  less  likely  to  break  electrodes 
when  responsible  for  the  time  lost  in  replacing  them.  One  negro 
furnace  tender  takes  care  of  one  furnace. 

Care  is  taken  to  pour  the  metal  from  the  furnace  as  soon  as  it  is 
ready,  pouring  taking  10  minutes.  Charging  is  still  done  by  hand, 
as  the  Rennerfelt  furnace  is  not  suited  to  mechanical  charging.  Two 
men  charge  in  five  minutes. 

Eight  1,500-pound  heats,  or  6  tons,  are  now  obtained  in  a  trifle 
over  eight  hours.  In  40  days  one  furnace  made  394  heats,  296^  tons, 
in  395}  hours;  the  other  made  390  heats,  292  tons,  in  4004  hours,  or 
a  total  of  588  tons  in  796  hours,  or  about  1,500  pounds  per  hour.  The 
power  consumption  in  8-hour  operation,  hand  control,  was  about  32/) 
kw.  h.  per  ton.  These  figures  show  a  lower  output  and  a  slightly 
higher  power  consumption  than  by  the  Snyder  and  are  accounted 
for  by  the  transformers  at  the  Rennerfelt  furnaces  being  rated  at 
300  kv.  a.,  whereas  those  at  the  Snyders  are  rated  at  7<><)  k\\  a.  The 
Rennerfelt  transformers  overheat  at  a  rate  of  power  input  to  the 
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-  thai  will  give  one  1,500  pound  beat,  including  pouring  and 

hour  m(  820  kw.  h.  per  ton.  and  the  attempt  to  maintain 

of  production  was  deemed  unsafe.     If  pouring  and 

15  minutes,  if  the  power  is  on  15  minutes  per  heat,  and 

kw.  h.  are  ttsed,  then  the  average  power  input  is  320  kw. ;  at  75  per 

ii.-iii   i-  over  125  kv.  a.  instead  of  the  SGG  kv.  a. 
■  sformens  ale  rated.     It  was  thought  thai  if  auto- 
node  controls  were  installed  on  the  Rennerfelts  one  fur- 
tuld  operate  both  furnaces 
I    on    Rennerfelt    furnaces,   including  transformers, 
February,  L920,  were  as  follows,  for  60-cycle  current: 

Tabls  i.*'.. — Prices  <>t  Hennerfeli  furnaces. 


.i-ity. 

Kv.  a. 

Price. 

.. 

)  500  pounds 

100... 

$5  380. 

: 

»200    . 

$12  000. 

SIbIgOO 'to  $20,000. 

$26  000  to  $30,000. 



300to.")i«) 





■  t  <  <n  - 

800  to  1,200 

1, -100  to  1,800 



5to6t<>n-~ 

$35,000  to  $46,000. 



Tjpe  0  is  hand  controlled;  all  the  others  have  automatic  electrode 
At  the  prices  quoted  types  O.  TA,  and  ITB  have  central 
trunnions    Types  IV A  and  VA  are  set  on  rockers.    Types  O  and  IA 
by  hand,  the  real  by  motor. 

RE-PEL-ARC   FURNACE,    OR   VON   SCHLEGELL   REPELLING-ARC 

FURNACE. 

A  lopment  is  the  von  Schlegell  "  repelling-arc "  fur- 

i  by  the  Re~pel-are  Furnace  Co.,  of  Indianapolis, 

whi  ther  as  a  direct-arc  or  an  indirect-arc  fur- 

1  -how-  i  schematic  diagram  of  the  furnace.    The 

fun  Finally  three-phase  (though  single-phase  current  with 

used)   and   is  designed  for  220  volts.     The 

id  of  hanging  vertically,  are  supported  on  pivots 

supplied  with  counterweigh  that  when  no  cm-rent   is  on 

hang    it   slight   angles,  touching  at  then-  tips. 

on,  the  repulsive  action  due  to  the  cur- 

•  Bctrodef  apart,  thus  starting  the  arc    Simi- 

broken  while  the  current  is  on  it   will  restart 

itself.  .  th  of  '  :,|  hence  the  power  input,  is  regu- 

>f  the  counterweights.    The  arc  is  therefore 

of  rot   106,   1990,  i>. 

M*t»l   lu.lu.tr>    U^O'i  ;     i  ...   i  •.,!.;  ,n,  Bept  14, 


INDIRECT-ARC  FURNACES. 


203 


If  the  cluster  of  electrodes  is  placed  so  far  above  the  charge  that 
the  arc  path  from  one  electrode  tip  to  another  is  shorter  than  that 


Pigubi   2'.). — Von    Schlegeil    ** rrpelling-arc n    furnace:    a,   current-regulating    weight;    l>, 
counter  weight;  c,  pivotal  electrode-holder  showing  gas-tight  joints;  d,  cleetrixl.  - 
refractory  sleeves;   f,  pii*'  support;  g,  mast.     By   raising  torch  arc  Is  drawn  between 
electrodes,  instead  of  between  electrodes  and  metal,  thus  moving  center  of  temperature 
above  metal  without  affecting  operation  of  the  arc. 

from  one  tip  to  the  bath  and  back  to  another  tip,  the  arcs  will  be 
drawn  among  the  electrodes,  and  the  furnace  will  operate  as  an 
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in,  [f  the  electrode  cluster  be  lowered  so  that 

i  to  the  hath,  the  area  will  be  drawn  to  the 

iniace  will  operate  with  a  direct  are.     It'  the  elec- 

ff  evenly,  so  that  independent  adjustment  of  each  elec- 

dispensed  with,  this  scheme  may  prove  a  simple  method 

furnace  operation.    The  electrode,  of  graphite,  may  be 

;    .    charge  to  give  an  indirect  arc  while  the  charge  is 

od  be  lowered  to  give  a  direct  arc  when  the  charge  is 

ted.    The  electrode  cluster  is  termed  by  its  inventor  "an  elec- 

rinee  the  arc  is  thrown  down  from  the  electrode  tips 

2  after  the  fashion  of  the  Kennerfelt  fleur-de-lis  arc,  and  it 

ted  out  that  this  torch  contains  all  the  electrical  parts  of  the 

fur:       .  the  balance  being  merely  the  hearth  and  shell.    By  placing 

<le.  as  shown  in  Plate  XIII,  A  and  Z?,  one  fur- 

D  be  heated  while  the  other  is  being  poured  and  recharged.    A 

<>r  oil  flame  could  he  used  to  preheat  one  furnace  charge  while 

lei  trie-ally  heated. 

as,  85:6:5:5,  half  heavy  scrap,  half  borings,  seven 

pounds  were  made  in  a  day.     The  furnace  was  pre- 

n  hour  before  charging.     Three  hundred  and  seventy- 

kw.  1  and,  including  the  preheat,  and  2,112  pounds  of 

:  that  is,  the  furnace  ran  at  the  rate  of  357  kw.  h.  per 

was  about  3  pounds  per  ton.    No  data  are  given 

I  the  "sleeve  "  about  the  electrode.    The  time  for  a  heat 

hour,  of  which  five  minutes  were  spent  in  charging  and 

It   takes  one  and  one-fourth  hours  per  heat  on  Monel 

In  another  ran  on  red  brass  half  ingot,  half  scrap,  11  heats 

h  were  said  to  have  been  made  in  10  hours,  at  a 

1  kw.  h.  per  ton,  and  a  metal  loss  of  1  per 

charged  rapidly  by  pulling  out  the  "torch" 
r]\  the  top  of  the  furnace. 

I  whether  the  furnace  was  operated  with  a  director 

I  nit  si nre  the  makers  state  that  on  Monel 

d    •  brought  down  to  the  hath,  it  is  probable  that 

a  an  indirect  arc  when  melting  red  brass  or  bronze. 

the  Chicago  Bearing  Metal  Co.  has  been 

.  "torch."    This  furnace  is  shown  in 

i!   behavior  of  the   furnace  may  be 

red  arc  furnace  when  used  as  a  din 
**<  :<■  furnace  when  used  as  an  indirect- 

I'     '  '" ■  u-.-d  on  1  ronze  and   Monel   metal  hut    not   on 

;  c  bronze  made  by  the  Chicago 

in  crucible  lift-out  oil  furnaces,  the 
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A.  TRUNNION-TYPE   RENNERFELT   FURNACE. 


B.    RE-PEL-ARC    ELECTRIC    TORCH     IN   AN    OLD    RENNERFELT    SHELL  AT    THE 
PLANT  OF  THE  CHICAGO  BEARING   METAL  CO 


bureau  or  M 
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A     REPELLING-ARC   FURNACE   WITH   TWO   SHELLS,   SIDE   VIEW. 


tELLS,   FRONT  VIEW. 
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various  direct  and  indirect  arc  furnaces  not  beinor  of  any  more  use 
for  alloy-  hie-h  in  zinc  than  the  open-flame  oil  furnaces  would  be. 

A  repelling-arc  furnace  is  being  tried  out  by  the  Bridgeport  Brass 
Co..  but  it  is  stated  -  that  it  has  not  yet  been  very  successful. 

SUMMAEY  OF  STATIONARY  IXDIRECT-AEC  FURNACES. 

It  has  been  shown  that  although  stationary  indirect-arc  furnaces, 
of  which  the  Rennerfelt  is  the  best  known,  have  been  used  on  yellow 
brass  by  running  at  low  power  input,  where  excessive  zinc  loss  was 
a  minor  factor  because  of  electric  power  being  cheaper  than  fuel,  yet 
under  American  conditions  it  would  be  wasteful  to  use  such  furnaces 
for  melting  alloys  high  in  zinc.  Even  in  the  United  States  an  alloy 
of  abo  ;:  i  :  ent  zinc  has  been  commercially  melted  in  a  ' 
pound  furnace  with  a  metal  1<  btly  less  than  in  former  fuel-fired 

tice.  but  the  furnace  has  given  trouble  through  the  electrodes 
-ring  from  condensed  zinc.  By  analogy  with  the  behavior  of 
the  direct-arc  furnace,  the  600-pound  size  of  which  could  be  kept 
t  when  melting  a  high  lead  alloy,  though  the  1-ton  size  could  not. 
it  is  doubtful  whether  a  1-ton  indirect-arc  furnace  can  be  satis- 
factorily operated  on  even  the  20  per  cent  zinc  alloy  at  a  rate  of 
power  input  that  will  give  good  figures  for  production  and  power. 
The  1-ton  indirect-arc  furnace  even  gave  trouble  when  operated 
tightly  closed  on  a  15  to  20  per  cent  lead  alloy  and  finally  had  to  be 
operated  open  with  correspondingly  larger  metal  loss  s. 

Stationary  indirect-arc  furnaces  are  highly  suitable  for  Monel 
metal,  cupro nickel,  pure  copper,  silver,  bronze,  red  brass,  and  similar 
alloys  containing  up  to.  say.  10  per  cent  zinc  or  15  per  cent  lead.  On 
alloys  high  in  volatile  metals  this  type  of  furnace  operates  at  a 
metallurgical  disadvantage,  which  increases  with  the  amount  of 
volatile  material:  hence  operation  on  yellow  bi  entirely  im- 

practical under  American  conditions,  a  fact  that  is  under  and 

admitted  by  the  makers  of  the  Rennerfelt.  Though  the  furnace  has 
a  wide  field — a  much  wider  one  than  that  of  the  direct-arc  type — it  is 
not  useful  in  the  important  field  of  rolling-mill  work  on  alloys  high 
in  zinc. 

The  indirect-arc  furnace  ranks  high  as  regards  reliability,  reason- 
able upkeep,  and  rate  of  production.  Under  similar  conditions  its 
rate  of  production  ii  hat  of  the  direct-aiv  type, 

nor  is  its  thermal  efficiency  quite  as  good,  but  in  both  these  resjx 

decidedly  r  than  furnaces  of  the  reflected -he  at  type,  such 

as  the  granular  resistor  and  smothered  arc.    It-  field  is  smaller,  how- 
ever, than   that   of   those   types.      Its   electrical   chara  ies   are 
v.    The  1<            not  so  steady  nor  its  power  factor  so  high 
U  those  of  the  reflect  eddu-at  type,  but  both  are  better  than  in  I 

"Webster,  W.  R.,  personal  communication,  Aug. -24,  1 
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\  \.c  lu-nnertVh  takes  throe-  phase  current,  and  heme 
me  drawback.-  of  l  single-phase  load.     All  in  all,  the 
indirect  tie  furnace  is  a  very  useful  type,  provided  it  is 
\  r  which  it  is  titted. 

MOVING  INDIRECT-ARC  FURNACES. 
STASSANO   FURNACE. 

ogb  the  earliest  indirect-arc  furnaces  suggested  were  those  of 

;  and  Siemens  (1878),  followed  by  that  of  Moissan, 

1  advantage  in  the  classical  researches  of  that  great 

Dchman,  the  first  commercial  indirect-arc  furnace  was  invented 

iiio  first  designed  (in  1898)  a  shaft  furnace  for 

g  steel  direct  from  iron  ore;  then  he  designed  a  stationary 

kith  fa]  but  his  iirst  furnaces  to  attain  commercial  success 

sign*         -  illustrated  by  figure  30,  to  be  kept  in  motion.13 

-  were  built  in  the  form  of  an  upright  cylinder  with 
at  a  slight  angle  from  the  vertical.     The  whole 
fan  ited,  so  that  both  the  rotary  motion  and  the  tilt  of 

tended  to  swash  the  metal  from  side  to  side. 

1  that  the  "agitation  increases  the  activity  of  the 

reaction  producing  the  refining,  and  shortens  the  time,  thus  making 

ork  on  a  full  charge  without  risk  of  overheating  the  cham- 

rl  am  aging  the  lining."     Stassano's  prime  object  in  rotation 

bave  I  luring  a  better  contact  between  the  ore  and 

D  -melting  iron  ore,  or  between  the  metal  and  slag 

%  steeL    Of  course,  the  continuous  rotation  of  the  furnace 

I  the  i iae  of  -liding  contacts  in  the  electric  circuits  and 

I  ooling  connections.    Such  contacts  in  circuits 

bigfa  amperage  required  by  good-sized  electric  furnaces 

Ij  difficult  to  maintain  and  such  joints  in  water  con- 

I  to  keep  tight.     Stassano10  therefore  had  to  sub- 

oacillating  motion  and  abandon  complete  rotation  of  the 

rto  ,«■  these  difficulties. 

If  any  security  is  desired  for  a  complete 
tli('  "  era]  layers,  it  is  not  possible  to 

the  mechanical  bath  circulation." 


*fih*tiw»r.  W.   an']   Hehoenawa.  J.,  trnnslfited  by    ran   Unur,   C.   II.,   Elect ri.: 

in  p,  » 

Btoetrochcm.   fed.,  roL   i,  1908,  p.  247; 

16;  :i|.[. Mention   Apr.   It,    1901. 

,'■  fun.;ico  to  ilderufj:  Timat.  Am  Kiectro- 
I    I  ■■     §o«.,   toI     ] .",     ;  'id*!    j,    -i, 

i  " M  MR,     Lpc    10,    WS,    application    Au,;.    7,    11)11; 
912,  and   1,100,850,  A.O«.    1,   Mill.  applloB- 


■  Ofl   MwiinHi,   J.,    trannlati-i]   by    vom    Baur,    C.    M  ,    Electric    fur- 
■  ■  •   « '   •  I  lii'Juatrj  .   1917,  \>.  lis. 
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Schmelz17  says  that  an  oscillating  furnace  with  the  double-trun- 
nion suspension,  like  that  of  a  ship's  compass,  does  away  with  the 
former  complications  of  the  cable  and  water  connections  of  the  rotary 


Figure  30. — Elevation  of  gyrating  three-phase  Stassano  Curnu 

furnace.  It  can  also  be  tilted  to  pour,  while  the  earlier  form  had  to  be 
tapped.  The  oscillating  or  gyrating  design  of  the  Stassano  is  very 
like  the  later  design  of  the  Thomson  zigzag-resistor  furnace. 

17  Schmolz,  E.  MM  A  new  electric  steel-casting  plant:   Met.  and  Chem.   Eng.,  vol   11, 
1913,  p.  709. 
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ta  that  agitating  the  bath  of  steel  had  not  proved 
A  vah  steel  and  had  been  abandoned  in  the  more  recent 

s 

I  furnace,  as  far  as  careful  study  of  the 

never  been  tried  or  even  suggested  by  its  in- 

rass.     Though  the  Stassano  motion  would  tend 

d  somewhat,  it  is  doubtful  whether  the  relatively 

would  mix  the  charge  thoroughly  enough  to  overcome 

-  high  in  zinc  the  overheating  of  the  surface  through 

ited  radiation  from  a  high-powered  arc.     One  furnace. 

.  whirl,  utially  a  gyrating  Stassano  furnace,  has  very 

brought  out  for  brass  melting.    It  will  be  described 

lat 

iher  moving  electric  furnaces  have  been  suggested,  though  not 

i  ol  the  Thomson,  for  brass  melting,  among 

I  i  u  rt  on  19,  of  Johnson 20,  of  Ischewsky 21,  and  of  Thom- 

are  all  of  the  resistor  type. 

A  rotating  resistance  furnace,  designed  among  other  things, 

_r  copper  alloys,  was  described  by  Braun23  in  1904.    The 

tided  in  the  walls,  and  current  was  carried  to  it 

tacts,  from  the  leads,  through  a  number  of  electrodes 

i  led  in  the  walla     The  refractory  hearth  was  corrugated 

to  Been]  it  ion  of  the  charge.     The  design  of  the  fur- 

a  might  bt  ted  from  a  design  of  1904,  was  not  practical 

I  hae  been  heard  of  it  beyond  the  patent,  the  furnace 

operated. 

that  I  .  ( lerque  designed  a  revolving  electric  radia- 

the  manufacture  of  ferronickel  that  is  said  to  have 

1  rermany.     No  description  of  the  furnace  nor 

given. 

BENSEL  RESISTOR  ROLLING  FURNACE. 

a  Laboratory  furnace  of  spheroidal  shape  with 
'.     A  charging  door  was  provided  on  the 

tilted  to  pour.     It  was  also  rolled 


R    m.  i  :..  king  Iroi  :in<]  iteel:  null. 
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H2,  p.  3266;  .lour.  Boc.  Chem.  in<l., 

1012,  p.  868  ;  Jour.  Franklin 
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back  and  forth  while  operating  to  mix  the  metal.  A  direct  current 
was  tried  as  the  source  of  heat,  but  was  said  to  be  unsuitable  as  the 
positive  electrode  burned  off  too  quickly.  A  resistor  was  therefore 
used,  the  carbon-rod  resistor  running  through  the  long  axis.  The 
furnace  held  20  kg.,  or  44  pounds,  of  metal  and  took  an  average  of 
44  volts  at  530  amperes  when  hot.  Bensel  melted  44  pounds  of  a 
70 :  30  brass  made  from  new  metals  in  1  hour  and  35  minutes,  from 
a  cold  start,  using  35.4  kw.  h.  He  poured  19.3  kg.,  or  42|  pounds,  of 
brass,  a  loss  of  3.5  per  cent,  but  he  figured  that  much  soaked  into  the 
lining  and  that  the  true  loss  was  under  1  per  cent. 

By  a  peculiar  process  of  calculation  involving  several  assumptions 
he  decided,  on  the  basis  of  a  single  heat,  that  the  furnace  on  an  all- 
day  run  would  melt  at  7.3  kw.  h.  per  100  pounds,  or  146  kw.  h.  per 
ton,  a  figure  lower  than  the  generally  accepted  value  for  the  power 
theoretically  needed  at  100  per  cent  efficiency. 

Xo  further  development  of  the  Bensel  furnace  has  been  recorded. 

CARRERE  FURNACE. 

Carrere,26  however,  described  an  indirect-arc  furnace  having  the 
form  of  a  cylinder  lying  on  its  side,  the  electrodes  entering  through 
the  ends.  The  body  of  the  cylinder  was  rotated  while  the  end  walls 
were  stationary,  they  and  the  electrodes  not  revolving  with  the 
furnace.     This  furnace  was  not  suggested  for  use  on  brass. 

WEEKS  ZINC  FURNACE. 

The  "Weeks  zinc  furnace27  is  a  horizontal  cylinder  heated  by  an 
indirect  arc  or  arcs,  but  differs  from  the  Carrere  furnace  in  that 
part  of  the  end  walls  can  move  with  the  furnace  body;  only  the 
electrodes  and  rings  or  trunnions  about  them  that  contain  water 
coolers  for  the  electrodes  and  an  offtake  for  zinc  vapor  remain 
stationary;  the  furnace  aside  from  these  parts  may  revolve.  A  tap 
hole  or  pouring  spout  is  shown  in  the  patent,  closed  by  a  plug  which 
is  held  in  tightly  to  withstand  the  pressure  of  the  molten  zinc. 

In  both  the  Carrere  and  Weeks  furnaces  the  stationary  ends  and 
the  revolving  body  involve  many  difficulties  in  maintaining  a  gas- 
tight  seal  over  so  large  a  joint  and  in  sealing  the  charging  door  to 
prevent  leakage  of  metal  when  the  furnace  is  revolved.  The  charg- 
ing door  of  the  Weeks,  on  account  of  lack  of  space  at  the  ends  above 
the  melt,  was  placed  on  the  circumference  of  the  drum. 

Xo  account  of  any  actual  experiments  with  the  Carrere  furnace 
has  been  found  in  the  literature.  The  Weeks  zinc  furnace,  as  has 
been  previously  stated,  was  tested  at  the  plant  of  the  General  Elec- 
tric  Co.  at  Schenectady,  N.  Y.,  for  zinc  smelting:  also  one  or  two 

J.  M..  r.  s.  Patent  720,860,  May  .".  1903. 
■■'  Weeks,  C.  A.,  U.  s.  Patent  949,5il,  Feb.   15,  1910;  application  filed  Sept  3,   l 
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wore  made  in  it.     The  patent  specifications  for  the 

e  make  mention  of  revolving  the  body  of  the  furnace 

.  <•  the  roof  and  hearth,  the  advantage  being  in  "uni- 

.   wearing  the  Lining  and  applying  substantially  all  the  heat 

Dfeents."     But    in   a    published   description  of  the   furnace 

M  makes  no  mention  of  revolving  the  furnace  or  of  the  effect 

g  ob  metal  I  lie  assumes  a  figure  for  metal  losses 

brass,  but  it  is  not  based  on  any  experiments; 

11  in  describing  the  Weeks  zinc  furnace,  says: 

lOO  rollers  which  could  be  motor-driven.  .  .  .  The  heat 

•  •:  !.\   radiation  from  an  arc  and  the  rotation  of  the  furnace  hody  was 

iporature  of  the  furnace  lining  by  periodically  bringing 

it  in  contact  with  the  charge.     Incidentally,  thorough  mixture 

ge  would  be  secured  by  this  rotation.     The  copper-melting  experi- 

■f  purely  secondary  consideration  to  Mr.  Weeks.  .  .  . 

Hansen  asserts  that   in  melting  zinc  with  this  furnace  the  elec- 

soldered  in  place  by  condensed  zinc  and  could  not  be 

ted  to  regulate  the  arc     Mr.  Weeks  lias  informed  one  of  the 

writers  that  the  furnace,  though  designed  to  rotate,  was  not  rotated 

in  the  copper-melting  experiments.    No  experiments  were  made  with 

md  th<  t  of  stirring  on  the  superheating  of  the  surface  of 

it  and  on  the  loss  of  zinc  was  evidently  not  impressed  on  Han- 

the  lew  experiments  that  were  made;  instead  of  continuing  to 

meni  with  the  Weeks  furnace  Hansen  built  the  three-phase 

type  furnace,  which  was  tested  on  yellow  brass  borings  at 

•  idy  plant. 

IMBERT  ZINC  FURNACE. 

Another  zinc  furnace,  the  [mbert,M  designed  at  about  the  same  time 

e  patent  application  bein<r  made  in  Germany  only  two 

of  the  Weeks  in  this  country,  greatly  resembles  the 

the  chief  variation  is  the  leaving  of  a  larger  clear- 

en  the  stationary  part  of  the  end  wall  and  the  re- 

t1      space  as  offtake  for  zinc  vapor.   The 

I  been  suggested  for  use  on  brass. 

HULDT  FURNACE. 

[mbeii  furnaa       ere  designed  for  the  reduction  of 
I    purification  by  distillation.    A  more  re- 
in indirect  arc  furnace  built  as  :i  horizontal 

•mIh  in  mi  electric  farnaot:   Met  and  cam. 

KM 

*   •  .'  and    hnisH  :    'Inm   .    Am.    [lift.    Mi-tals,    vol. 

i"  of  Mfir.  i.  [910;  application  Bled  Basil  i.  LOOS. 

pplirmtlon    flled    Apr.    ::.    liiiT, 

Of  Mar.  21,   1I»1S    (COO- 

aaaoai  *»u-.  twaiaa,  Apr  a,  ifli«). 
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cylinder,  not  for  distillation  of  zinc,  but  for  the  melting  of  "blue 
powder,"  the  oxide  film  on  the  surface  of  the  particles  being  rubbed 
off  by  the  motion  of  the  particles  sliding  on  each  other  in  a  rotating 
furnace.  It  is  said  that  the  drum  may  have  a  rocking  motion  if  de- 
sired. The  furnace  construction  is  not  explained  in  detail  in  this 
patent. 

ROCKING  OF  FUEL-FIRED  BRASS  FURNACES. 

Rotary  fuel-fired  furnaces,  such  as  the  cement  kiln,  and  rotary 
roasting  furnaces 32  are  well  known.  In  a  number  of  brass  foundries 
it  has  been  found  that  time  could  be  saved  in  the  operation  of  open- 
flame  oil  furnaces  by  rocking  the  furnace  back  and  forth  by  hand 
during  the  last  few  minutes  of  the  heat,  so  that  the  hot  walls  just 
above  the  metal  are  washed  by  the  metal,  and  give  up  some  of  their 
stored  heat  to  it.  Mechanically  rotating  and  rocking  oil-fired  brass 
furnaces  are  now  on  the  market.33 

Eennerfelt 34  says  that  some  "  of  the  heat  absorbed  by  the  walls 
may  be  recovered  by  tilting  the  crucible,  or  the  hearth,  to  bring  the 
charge  into  contact  with  the  heated  walls,  thereby  absorbing  some  of 
the  heat." 

Rennerfelt  also  mentions  the  possible  use  of  a  projection  in  the 
furnace  bottom  to  stir  the  metal  when  tilting  the  furnace.  No  pro- 
vision is  made  for  continuous  tilting,  nor,  so  far  as  known,  has  any 
Rennerfelt  furnace  been  built  with  such  a  projection. 

While  moving  electric  furnaces  of  various  types  had  been  known, 
they  had  not  been  tried  for  brass  melting  save  for  a  couple  of  heats 
in  the  Bensel  resistor  furnace,  and  though  fuel-fired  brass  furnaces 
had  been  operated  with  slight  stirring  they  had  not  been  so  operated 
mechanically.  As  far  as  can  be  ascertained,  the  Bureau  of  Mines  was 
the  first  to  make  actual  experiments  on  brass  melting  in  an  elec- 
tric-arc furnace  rocked  or  otherwise  moved  to  stir  the  metal  in  order 
to  prevent  surface  overheating  of  the  melt;  the  first  laboratory  heat 
was  made  on  August  25,  1915,  in  the  electric  furnace  laboratory  of 
Cornell  University,  which  by  a  cooperative  agreement  is  used  by  the 
Ithaca  field  office  of  the  bureau. 

The  fundamental  idea  behind  the  bureau's  study  of  the  rocking 
indirect-arc  furnace  for  brass  was  that  several  of  the  essentials  of  an 
"ideal"  electric  brass  furnace — ruggedness,  simplicity  in  the  hot 
zone,  and  ability  to  be  run  at  a  high  rate  of  power  input — were  pres- 
ent in  the  indirect-arc  type,  and  that  the  drawbacks — superheating 

s2Cnnby.  R.  C,  Trnns.  Am.  Fleet rochem.  Sue,  vol.  27,  1915,  p.  65;  Anonymous,  New 
foumlry  for  making  mill  brasses  :  Iron  Ape,  vol.  107,  1921  :  Anonymous,  Makes  asset  of  a 
building  obstacle:   Foundry,   vol.  4!>,   1921,   pp.   2»,    1!»7. 

"Compare  Metal  Ind.,  vol.  16.  1917,  p.  88;  Jones,  A.,  r.  s.  Patent  1,384,459;  Adver- 
tisement, Metal    Ind.,   vol.   IS,   1929,   p.   .",  ;    Advertisement,   Foundry,   vol.   -IS.    1930,   p.    102. 

M  Rennerfelt,  I.,  U.  S.  Fatent  1,076,518,  Oct.  21,  1913,  p.  2,  line  50. 
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:  the  chargv.  consequent  inability  to  keep  the  furnace 

high  in  zine.  too  much  heat  storage  to  give  perfect 

iture,  thermal  losses  through  the  roof  and  cojase- 

ibles  with  refractories  in  the  roof — would  either  be  avoided 

i  stirring  action  brought  about  by  rocking, 

ordinary  stationary  indirect-arc  furnace  gives  far 

Face  superheating  than  the  direct-arc  type,  it  was 

e  overcoming  of  this  trouble  by  stirring  would  be  easier 

mpler  in  the  indirect  than  in  the  direct  arc  type.     Indeed,  it 

doubtful  whether  any  commercially  attainable  degree  of  stir- 

»uld  sufficiently  counteract  the  overheating  of  the  metal  di- 

v  under  the  arc  in  a  direct-arc  furnace. 

LABORATORY  ROCKING  FURNACE. 

small   laboratory   furnace,   a   fire-brick-lined   cylinder  lying 

tally,  with  2-inch  diameter  graphite  electrodes  entering  at 

the  furnace,  was  so  mounted  that   it  could  be  rocked 

•     th  while  melting,  as  in  Plate  XIV.    The  single-phase  in- 

din  ran  at  50  to  75  yolts  and  took  about  30  to  35  kw.     If  the 

fori  ted  on  alloys  high  in  zinc  without  rocking,  it  acted 

ther  stationary  indirect-arc  furnace,  being  hard  to  keep 

erheating  tin-  surface  of  the  metal   and  giying  too  high 

•King  the  furnace  back  and  forth,  however,  the 

fun  !   well,  surface  overheating  was  avoided,  and  the 

low. 

It-  on  metal  losses  are  tabulated  in  Table  44. 


Unrein  of  Mines  laboratory  rocking  furnace. 
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ing  with  the  furnace  cold — by  using  136J-  kw.  h.,  or  at  the  rate  of 
430  kw.  h.  per  ton. 

On  10-hour  operation  it  should  give  10  heats,  1,250  pounds,  at  the 
rate  of  375  kw.  h.  per  ton,  and  on  24-hour  operation  24  heats,  nearly 
3  tons,  at  less  than  325  kw.  h.  per  ton.  The  electrode  consumption 
was  at  the  rate  of  about  3  pounds  per  ton. 

BUREAU    OF    MINES    EXPERIMENTAL    1,300-POUND    ROCKING 

FURNACE. 

The  laboratory  experiments  on  a  furnace  of  125  pounds  capacity 
having  indicated  that  such  a  furnace  might  be  of  value,  the  coopera- 
tion of  the  Detroit  Edison  Co.  and  the  Michigan  Smelting  and  Re- 
fining Co.  was  enlisted,  and  tests  on  a  1,300-pound  furnace  were  made 
by  the  Bureau  of  Mines  at  the  plant  of  the  latter  firm.  The  first 
heat  was  made  on  May  9,  1917. 

The  experimental  furnaces  and  the  results  of  the  experimental 
work  have  been  fully  described  elsewhere  35  and  need  be  but  briefly 
summarized  here. 

The  furnace  (see  PI.  XIV)  held  1,300  pounds  and  was  run  at  100 
to  200  kw.,  averaging  about  1G5.  The  arc  ran  at  about  110  to  120 
volts,  and  the  furnace  had  a  power  factor  of  about  85.  The  elec- 
trodes were  4- inch  diameter,  graphite. 

The  inner  lining  of  the  furnace  was  of  corundite  brick,  back  of 
which  was  a  special  heat-insulating  brick,  with  infusorial  earth  brick 
next  the  shell.  Handwheels  were  provided  for  electrode  adjustment, 
and  the  rocking  motion  was  automatically  controlled  by  a  reversing 
motor,  contactors,  and  suitable  control  device. 

The  furnace  was  kept  stationary  after  a  heat  was  started  until 
some  of  the  charge  had  begun  to  melt ;  then  it  was  rocked  through  a 
small  angle,  or  "  safe  rock,"  because  by  being  rocked  too  far  the 
solid  part  of  the  charge  would  fall  on  the  electrodes  and  break  them. 
The  large  furnace  required  much  more  care  in  this  respect  than  the 
laboratory  furnace,  as  the  latter  could  be  rocked  through  a  large 
angle  early  in  the  heat,  especially  if  the  material  melted  was  borings 
or  other  fine  scrap  not  heavy  enough  to  break  the  electrodes;  in  the 
large  furnace  even  that  kind  of  material  would  mat  together  into 
heavy  chunks  and  would  break  the  electrodes  if  the  furnace  were 
rocked  too  far  too  earlv  in  the  heat.  As  the  charge  melted  the 
angle  of  rocking  was  gradually  increased  until  by  the  time  that  all 
was  melted  only  the  charging  door  and  pouring  spout  were  unwashed 

38  Gillett.  IT.  w.,  and  Bhoads,  A.  K.,  Melting  brass  in  a  rocking  <'ioctric  furnace:  Bull. 
171,  Bureau  of  Minos.  July.  11H8.  131  pp.;  A  rocking  electric  brass  furnace:  Jour. 
Ind.  Bng.  Chem.,  vol.  10.  1018,  p.  469;  Met  Chem.  P:ng.,  vol.  18,  1918,  p.  583;  Met.  Ind. 
(N.  Y.i.  vol.  16,  1918,  p.  265,305;  Met.  Ind.  (London),  vol.  13.  1918,  pp.  102,  116,  132; 
Foundry,  vol.  46,  1918,  p.  314;  Brass  World,  vol.  14,  1918,  p.  217;  Amer.  Machinist,  vol. 
48,   1918,  p.   1013. 
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taJ     figure  81  shows  the  stapes  in  the  rooking  of  a  heat. 
»l    off  the  horizontal   to   induce  an  end-to-end 


•  i   tary  motion,  and 


inve  more  com- 
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As  the  work  of  the  plant  where  the  experimental  furnace  was  set 
up  was  the  making  of  ingot  of  standard  composition  from  scrap 
charges,  the  true  metal  loss  was  not  ascertainable,  because  of  varying 
amounts  of  dirt,  oil,  and  other  nonmetallic  material  in  the  charge. 
The  coke-fired  crucibles  running  on  exactly  the  same  charge  gave 
figures  with  which  the  electric  furnace  losses  could  be  compared. 

COMPARATIVE    METAL    LOSSES. 

On  102  tons  of  metal  melted  in  the  rocking  furnace  in  strict  com- 
parison with  the  same  material  charged  to  the  coke  fires,  the  alloys 
melted  running  from  90  to  66  per  cent  copper,  1  to  9  per  cent  tin, 
If  to  264  per  cent  lead,  0  to  30  per  cent  zinc,  the  rocking  furnace  gave 
3,626  pounds,  or  1.8  per  cent  more  ingot  than  the  coke  fires  did 
from  the  same  amount  of  the  same  material.  Comparative  figures 
on  some  specific  alloys  follow  in  Table  45. 


Table  45. 


-Com  para  live  metal  losses  in  Bureau  of  Mines  1,300-pound  roclcin;/ 
furnace  and  in  coke  fires. 


Composition. 

Weight 
charged. 

Loss 

(metal, 

oil.  and 

dirt),  coke 

fires. 

Loss 
(metal, 
oil,  and 
dirt),  elec- 
tric. 

Saved  by 
electric. 

Cu. 

Sn. 

Pb. 

Zn. 

Per  ct. 
85 
84 
84 
79 
78 
76 
73 
67J 
67 

Perct. 
5 
7 
6 
9 
2 
8 
4 
4 
1 

Perct. 

5 

8 

10 

10 

10 

13 

20 

26i 

2 

Perct. 
5 

1 

2 
10 
3 
3 
2 
30 

Pounds. 

6,576 

11,600 

14,300 

11,790 

15,840 

11,805 

14,392 

5,224 

7,200 

Per  ct. 
4.6 
7.0 
2.4 
3.6 
7.1 
4.0 
3.7 
3.0 
8.0 

Perct. 
3.2 
3.7 
1.8 
2.1 
3.1 
2.4 
2.9 
2.4 
5.1 

Per  ct. 

1.4 

3.3 

.6 

1.4 

4.0 

1.6 

.8 

.6 

2.9 

In  melting  75.605  pounds,  which  contained  266  pounds,  or  0.35 
per  cent  oil  of  leaded  bearing  bronze,  73,990  pounds  good  ingot,  106 
pounds  small  ingot  or  spillings,  and  795  pounds  metallic  in  skim- 
mings were  obtained,  giving  on  the  oil-free  basis  1.8  per  cent  gross 
loss,  O.G  per  cent  net  loss. 

In  operating  both  the  laboratory  and  the  1,300-pound  furnace  care 
was  taken  to  keep  the  furnace  door  and  spout  closed  and  plugged  as 
tightly  as  possible.  The  electric  furnace  gave  alloys  which  analyzed 
remarkably  close  to  the  composition  desired.  On  alloys  high  in  zinc 
it  was  especially  noticeable  that  the  analyses  of  the  produced  showed 
a  much  smaller  loss  of  zinc  than  in  the  coke  fires.  For  example,  a 
charge  aimed  to  give  67  per  cent  copper,  30  per  cent  zinc,  and  3  per 
cent  tin  and  lead  and  divided  between  coke  fires  and  the  electric 
furnace  gave,  on  melting  in  the  coke-fired  crucibles,  an  alloy  of  68w4 
per  cent  copper  and  29.3  per  cent  zinc;  in  the  electric  furnace  it  gave 
one  of  66. 6  per  cent  copper  and  30.4  per  cent  zinc. 


•Jit)  n  ivrinr   BRASS   ii  knack   PRACUCB. 

The  metal  found  to  be  thoroughly  mixed.     Analyses  of  the 

■in  the  first  ladle  and  the  last  ingot  from  the  last   ladle 

ounds  heats  of  an  alloy  in  which  60  per  cent  copper,  37 

.  and  9  per  cent  lead  was  aimed  at.  giving  the  follow  inn: 


lvr  cent  copper. 

First  Ingot,  Last  input, 
first  ladle,     last  ladle. 

■1                                                                 

:.''.  76                59.  54 
59.  78                69.  (.6 



A-   ..  '.    .  i  ntaining  26  percent  load  was  handled  with  satisfactory 

lom  from  segregation,  the  metal  being  more  uniform 

■  from  tli«'  coke  fii i 

metallurgical  results  were  excellent  and  the  reliability  and 

frw  with  refractories  appeared  good,  though  the 

prere  1 1 « ►  t  continued  Long  enough  to  get  adequate  data 

Lining  life  under  operating  conditio! 

RATE    OF    PRODUCTION    AND    THERMAL    EFFICIENCY. 

I  'n  KM*  .  nn  red  brass  poured  at   1.150°  (\.  the  furnace 

0  7,800  pounds,  and  on  a  5-day  run,  in 
wh  v.iv  poured.  5,750  kw.  h.  were  used,  or  335  kw.  h. 

bom  operation,  in  a    1  day  run.  the  furnace  gave  up  to  14 
heats  of  1  I    0  tons  per  day:  :\\\  tons  were  melted  in 

kw.  h..  or  257  kw.  h.  per  ton.    In  both 
umption  was  slightly  under  l2  pounds 

f  '  lie  furnace  was  somewhat  handicapped  by 

wch  as  waiting  for  the  crane  or  for 

•  •  /.    Without  delays  it  would  be  possible  to  melt  18 

pound  in  24  hour-  iii  this  size  furnace. 

ced    whenever  the  charge  contained  a 

,ac  the  vapor  is  a  nonconductor 

difficult  to  hold  the  arc  in  such  an  atmosphere.     It  was 

the    pout  unplugged  and  to  wait  till  the, 

i '  ing  the  arc.    The  delay  could  be 

Brst    -o  that  the  oil  would  be 

being  added,  up  to.  say, 

handled  with  little  delay.    With 

to  leave  the  door  open,  charge  the 

'     '      Igh    :i    -mall    angle    to    ha    ten    the 

US,    arel    to    distill    the    oil    off 
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In  the  earlier  experiments  some  difficulty  was  found  in  the  stick- 
ing of  the  electrodes  when  melting  alloys  high  in  zinc,  owing  to  the 
condensation  of  zinc  about  them.  The  trouble  was  not  like  that 
found  in  the  unrocked  Stassano  and  Rennerfelt  furnaces  on  similar 
alloys,  and  there  was  no  trouble  such  as  with  the  Renner  felts  on  alloys 
high  in  lead,  even  when  the  alloys  contained  26  per  cent  lead. 

Experience  in  furnace  operation  showed  how  to  obviate  the  trouble ; 
either  by  making  the  holes  through  which  the  electrodes  pass  suffi- 
ciently smooth,  as  by  the  use  of  graphite  rings  or  by  using  a  suitable 
granular  packing  about  them,  and  by  allowing  the  electrodes  to 
become  a  little  hotter,  reducing  the  amount  of  cooling  water  used, 
the  difficulty  was  prevented  entirely  on  24-hour  operation. 

Similar  precautions,  coupled  with  careful  cleaning  of  the  elec- 
trodes from  any  deposit  at  the  end  of  the  day,  made  it  possible  to 
operate  satisfactorily  on  alloys  high  in  zinc  on  10-hour  operation. 

It  was  found  both  feasible  and  convenient  when  making  yellow 
brass  from  copper,  zinc,  and  scrap  to  charge  the  zinc  with  the  rest  of 
the  charge  at  the  start  instead  of  "speltering"  toward  the  end  of 
the  heat. 

The  metal  melted  in  the  experimental  work  supervised  by  the 
Bureau  of  Mines  all  went  into  the  regular  output  of  the  Michigan 
Smelting  and  Refining  Co.  After  the  bureau's  tests  were  finished 
that  firm  put  the  experimental  furnace  into  regular  commercial 
operation. 

COMMERCIAL  OPERATION  OF   1,300-POUND  FURNACE. 

In  over  600  heats  of  red  brass,  leaded  bearing  bronze,  cupronickel, 
etc.,  in  which  725,999  pounds  were  charged,  697,256  pounds  good 
ingot  was  obtained,  giving  a  gross  loss  of  28,743  pounds,  or  4  per 
cent.  No  deduction  is  made  for  spillings,  small  ingots,  metal  re- 
coverable from  slag,  or  for  oil,  dirt,  and  other  nonmetallic  on  the 
charge.  A  similar  gross  loss  figure  for  a  year's  operation  on  the 
coke  fires  was  given  as  7  per  cent.  The  furnace  tenders,  helpers,  and 
] tourers  on  the  crucible  furnaces  began  to  draw  a  bonus  for  saving 
metal  when  the  gross  metal  losses  in  crucible  melting  were  6  per  cent. 

In  melting  the  363  tons  of  metal  127,231  kw.  h.  were  used,  metered 
on  the  secondary  side  of  the  transformer,  equivalent  to  138,500  kw.  h. 
metered  on  the  primary  side,  or  about  380  kw.  h.  per  ton.  The  fur- 
nace was  run  on  one  shift,  10  hours  or  less  operation,  and  was  sub- 
ject to  many  delays  due  to  outside  causes.  One  furnace  operator 
averaged  380  kw.  h.  per  ton  on  about  200  tons  and  a  series  of  less 
experienced  operators  390  kw.  h.  per  ton  on  about  150  (ous.  The 
electrode  consumption  ran  from  3j  to  5  pounds  per  ton.  This  fur- 
nace was  operated  until  the  improved  1-ton  rocking  furnaces  were 
installed  and  then  dismantled. 


•RIC    BRASS    I  PB  U  TICE. 

furnace  was  patented     and  the  pmtents  assigned  to 
I       3  the  Interior  as  trustee. 

by  tlui  Secretary  of  the  Interior  was  adopted  in  order  to 
of  having  some  unscrupulous  furnace  manuiac- 
•  i - 1  \ -  built  furnace  advertising  his  furnace  u  "advo- 
cate S   ttes  Bureau  of  Mines"  and  as  far  as  possible 
I   furnaces  made  under  license  are  capable  of  giving  the 
results  that  the  bureau's  experiments  show  should  be  given  by  the 
dug  fcj  pe  of  furna 

DETROIT  ROCKING  ELECTRIC  FURNACE. 

Furnace  C*  was  licensed  to  build  and  sell 

rtxv  s,   their    furnace   embodying   improvements   on   the 

tal    furnace  ted  by  the  bureau,  as  well   as  others 

further  experience    with   this   type   of    furnace.     The 

furnace  installed  by  this  firm  was  made  on 

On   A>ugust    1.   1(.'-1.  55   furnaces   were  in  actual 

nnl   five  more   were  being   installed. 

se   fun  tie   rated   nt    L-ton  capacity,  >'><)*)  kv.  a. 

jhowa  in  plates  XV   (p.  213),  XVI,  XVII, 

.  1  XIX.    'I  :  e  described  by  St.  John." 

lined  writh  oorundite  brick  on  the  inside,  baek 
re  brich         tally  chosen  1'nr  its  heat-insu- 

•id   uu   the  outside,   next   the  shell,   with  Sil-o-cel 
rth  brick. 

been  constructed  with  a  two-layer  lining, 

-  l-o-ce]  brick,  the  inner  of  corundite,  the  whole 

hut  U  inchee  thick,   which   Lnci  the  capacity  of 

I  '  i~  slightly  tilted  in  the  Large  rin^r  gears  <<> 

[notion  <>(  the  charge  and  to  increase  the  stirring 

■  plug  door  i-  entirely  removable   from  the  body  of 

ill  jib  crane   located   near  the   furnace. 

ind  by  turning  the  furnace  till  the 

can  be  put  in  by  a  mechanically  dumped 

r  device.    Tie-  electrode  holders  have  :>  long  path 

"f  tra  lectrodei  can  l»e  draws  completely  out  of  the 

while    charging.    The    other 


•■   ■  • 


!0 1,224,   on.    10,    1916,   application 
10,  1916,  ftp  i  Bled 

Mar 

for  tu.  ',d  bronze     Metal 

i  Bt.  John,  n    M  . 

-•   torn*  m.  ami   m.i. 

1  '  ■'  i    tricallj  :  Bel.  Am  .   L22, 

10    L916  i  i  .  n., 

T  ■  1,     IOL'1  . 
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details  are  made  clear  by  the  photographs.  A  recent  development 
has  been  the  adaptation  of  this  furnace  for  pouring  direct  into  molds 
instead  of  by  a  ladle.  Pates  XVIII  and  XIX  show  direct-pouring 
furnaces  in  process  of  erection,  some  cables,  meters,  etc.,  not  yet  being 
in  place. 

In  this  form  the  furnace  rests  on  the  rollers  in  the  base  shown 
while  melting,  this  form  of  base  having  now  superseded  that  shown 
in  Plate  XV  on  the  ladle-poured  furnace  as  well.  At  pouring  the 
furnace  is  rocked  forward  till  the  bar  in  front  engages  the  sockets 
in  the  front  of  the  base,  and  a  lifting  screw  at  the  rear  is  swung 
into  position  so  that  it  engages  the  rear  hinge.  The  motor-actuated 
screw  then  rises,  lifting  the  furnace  bodily  off  the  rollers  and  driving 

•s.  so  that  the  furnace  is  then  supported  and  tilted  like  all  direct- 
pouring  or  nose-tilting  furnaces.     The  supporting  bar  in  front   is 

ted  below  the  lowest  position  of  the  spout  during  rocking  and 
hence  does  not  interfere  with  rocking.  Data  on  some  of  the  in- 
stallations of  Detroit  rocking  furnaces  are  given  below. 

FTJRNACES   AT    C.    B.    BOHN   FOUNDRY    CO.  . 

On  a  metal  loss  test,  on  60 : 4«  >  brass,  poured  at  975°  to  1.000°  C. 
(1.790°  to  1.830°  F.),  in  which  heavy  scrap  and  ingot  were  melted, 
14  heats.  28.207  pounds  charged,  gave  27.743  pounds  castings,  4s 
pounds  spillings.  and  125  pounds  metal  recoverable  from  skimmings, 
a  net  loss  of  291  pounds,  or  1.03  per  cent. 

Although  the  furnace  was  only  Operated  live  to  seven  hours  per 
day  during  this  test,  the  power  consumption  averaged  325  kw.  h.  per 
ton.     The  average  power  input  was  210  kw. 

During  a  period  when  two  furnaces  were  operating,  one  on  two 
10-hour  shifts,  the  other  partly  on  one  and  partly  on  two  shifts, 
412,183  pounds  of  red  brass  and  phosphor  bronze  were  melted  with 
88,360  kw.  h.j  or  433  kw.  h.  per  ton.  The  furnaces  were  run  slowly, 
often  waiting  for  molds,  and  the  time  taken  in  charging,  pouring, 
and  waiting  between  heats  was  excessive,  being  longer  than  the  actual 
heat  itself.  The  actual  running  time  per  1-ton  heat  averaged  about 
one  and  one-half  hours,  while  the  time  spent  in  charging,  pouring, 
and  waiting  averaged  about  two  hours  per  heat,  although  one-half 
hour  is  ample  if  the  demand  for  metal  is  sufficient  to  allow  running 
the  furnaces  at  full  speed.  Such  operation  is.  of  course,  a  great 
handicap  to  any  furnace.  On  2"  tons  melted  in  one  furnace  during 
this  period  the  average  power  consumption  was  375  kw.  h.  per  ton. 
Notwithstanding  that   the    furnaces   were    not    run    at    their   highest 

efficiency)  the  melting  cosd  was  lower  than  in  the  coke  fires. 

The  makers  claim  that  the  first  furnace  installed  at  this  plan!  made 
savings  in  the   first    Is   months  of   its  operation   equivalent  to   live 


ELECTRIC   BBAflfi    rruN.uT.    ri:.\i  Tin:. 

i  of  installation:  in  this  period  the  furnace  paid  for 
four  other  furnaces  now  installed  at  this  plant. 

FT7BNACE    AT     MICHIGAN    SMELTING    AND    REFINING    CO. 

in  in  which  •'  pounds  rod  brass  were  charged,  344,848 

e  obtained,  a  gross  loss,  including  oil  and 

-.   18  pound  .5  per  cent    Of  this  charge  173,651  pounds 

s,  on  which  the  average  Loss,  when  melted  alone  in  coke- 

7  per  cent,  or  L2,100  pounds. 

loured  used  52,700  kw.  h,,  or  about  310  kw.  h.  per  ton. 

operated  for  two  LO-hour  shifts  per  day;  that  is,  a 

n. 

ii  a  ran  in  two  furnaces  on  red  brass,  two-shift,  20-hour  opera - 

65  pounds  were  charged,  479,272  pounds  of  good 

pounds  metal  recovered   from  skimmings  were  ob- 

pounds,  or  3  per  cent,  which  includes  oil,  dirt, 

the  mat. uial  charged.    The  240 tons  poured  used  81,900  kw.  h., 

kw.  h.  per  ton.    <  h\  6,000  tons  melted  in  rocking  furnaces  in 

•  •     -  plant  the  average  power  consumption  was  364  kw.  h. 

n. 

this  firm  is  said  to  take  the  melting  cost  in 
D  20-hour  operation  at  one-half  that  in  the 

I       rder  to  find  out  whether  it  were  practical  to  melt  a  charge  of 

all  or  practically  all  oily  yellow  brass  borings,  with  no  admixture 

of  ip  or  new  metal-,  a  tot   was  run  in  one  of  the  rocking 

furnace-  «.f  t       \1    hie;an  Smelting  and  Refining  Co.    The  borings 

.7  per  cent  nonmetallic,  mostly  oil :  that  is.  they  were 

etullic.     The  composition  of  the  brass  was  approxi- 

:.t  copper,  86  per  cent  zinc,  2£  per  cent  lead,  $  per 

ponndf         oi  age  could  he  charged  at  the  start  into 
which  hoi  o  in  2,400  pounds  of  ordinary  charges, 

r  of  the  hulk,  I   th<>  boringa      As  the   1,600  pounds  of 

**»r  pounds  of  oil  and  other  nonmetallic  material, 

•ay  al  <,f  oil,  a  good  deal  of  oil  vapor  appeared. 

■nipt    WU   made  to  hum   off  the  oil 
*f!*  kiting  the   arc,  and   the  spout  was  not 

•luring  the  heat,  being  left  open  to  allow 

lh<«  -safe  rock"  was  started  after  the  first 

*      I    e  furnace  was  warm  at  the  start 

si    full  running  temperature 

i»nd  then        •    I  he  power  consumption 

*e  first  aerie-  of  beat 
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Table  4G. — Test  on  all-yelloir   borings  in   rocking  furnace,  spout  open 

throughout  run. 

[Elapsed  time  for  three  heats:  5  hours  and  20  minutes=l  hour  and  47  minutes  per  heat.  1 


Charged. 

Poured. 

Average 
recovery 
from 
skim- 
mings. 

Gross 

metallic 

loss. 

Not 

metallic 

loss. 

In 
product. 

Heat  No. 

Metallic 

in 
borings. 

Ingot. 

Total 
metallic. 

Kw.  h. 
used. 

Pounds. 

1 1    al,444} 

2 1.4441 

Pounds. 

Pounds. 
1,444} 
1,444} 

1,494 

Pounds. 
1,253 
1,262 
1,302 

Pounds. 
75} 
75} 

75} 

Pounds. 
191} 
182} 
192 

Pounds. 
116 
107 
116* 

Per  cent. 
66.0 
66.5 
65. 9 

260 

_'ls 

3 

Total 

1.  141} 

49} 

242 

4,3S3 

3,817 

226} 

!>566 

c  339} 

66.5 

d  750 

a  1, 500  pounds  oily  borings. 

b  Equal  to  12.9  per  I 

c  Equal  to  7.7  per  cent. 

d  Average,  395  kw.  h.  per  ton  poured. 

In  the  next  series  the  furnace  was  rocked  back  and  forth  during 
charging  and  after  charging  to  burn  off  the  oil,  the  spout  was  left 
open  until  the  oil  vapor  no  longer  came  off  in  great  volume  and  then 
was  plugged.  If  the  luting  blew  out  it  was  replaced  until  the  fur- 
nace remained  tight.  Smoky  oil  vapor  continued  to  come  out  of 
cracks  in  the  spout  luting  and  around  the  electrodes  for  some  time 
after  luting  up,  but  no  zinc  flames  appeared  till  the  metal  was  al- 
most ready  to  pour,  when  very  small  zinc  flames  appeared  in  places 
around  the  edges  of  the  charging  door. 

Table  47. — Test  on  <ill-y<iu>ir  borings  in  rocking  furnace,  spout  plugged. 


Char 

Poured. 

Average 
recovery 

from 
skim- 
mings. 

Cross 

metallic 

loss. 

Net 

metallic 

loss. 

In 
product. 

Ilea- 

Metallic 

in 
borings. 

Ingot. 

Total 
metallic. 

Kw.  h. 
used. 

4 

rounds. 
1,444} 
l,444J 

1,  I!U 
1.111} 
1.  Ill* 
L,444l 

i,im 
i,  mi 
i.im 
l,  mi. 
l,  \\\\ 
l,444j 
1,444} 

PouwU. 

42 
17 
51 
34 

Pounds. 
1.  186} 
1,491} 

1,478} 
L,482| 

1,444} 

i.  mi 

1.  I1U 
1,  144} 
1,444} 
1 , 444} 
1.  144} 

Pounds. 

1.  115 
L,S84 
1,372 

1,404 
1,447 

1,399 
1,374 
1,344 

1,319 
1 .  355 

1 .  373 

Pounds. 
75} 
75} 
75} 
75} 
75} 
75} 
75} 
75} 
75} 
75} 

75} 

Pounds. 
125} 

76} 
114} 
106} 
110* 

83} 
2} 

45} 

70} 
100} 
125} 

m 

71} 

Pounds. 

50 

1 

39 

31 

II 

3 

a  7s 

b  30 

6  5 

25 

50 

14 

b  4 

Per  cent. 

(it.  0 
63.6 
63.3 
63.  4 
63.  4 

63.  8 
63.7 
n.d. 

62  s 

8  L  6 

64.0 
n.d. 

210 

200 

6 

195 

7 

195 

s 

200 

9 

l'JO 

ID 

200 

11.  .  .     . 

lmo 

12 

13 

190 

it 

16 

rf  250 

Total... 

19,026} 

t  1.123} 

/  142 

63.8 

9  2, 730 

a  Furnace  not  completely  drained  an  all  previous  heats. 

:\n. 
e  Furnace  left  idle  for  7  hours  after  most  of  oil  had  been  Bmoked  off,  bul  before  charge  ha  1  begun  to  melt. 
d  Four  hours  between  end  of  heal  I5and  il  ni  of  heal  16.    Total  elapsed  time  for  I3neats,  deducting  idle 
time  In  heat  12 and  In  :  n  sen  heal  I  l~>  and  16,  33  hours,  or  2  hour   and  :i:i  minutes  per  heal . 
i  Equal  to  5.9  percent. 
/  Equal  to  0.75  per  cent. 
o  Average,  2W  kw.  h.  per  ton  poured,  continuous  or  21-hour  operation. 

A.s  not  nil  the  50  pounds  or  thereabouts  of  oil  and  other  nonmetal- 
lic  materials  present  in  each  heat  volatilized  entirely,  hut  much  de- 


B    PRACTICE. 

iv*  i  blanket  of  soot  over  the  metal  in  the  furnace, 
mi]  is  entrained  in  this  soot    The  soot  and  metal  shot 

m  each  heat  was  not  kept  separate.    In  the  it  boats 
of  this  materia]  was  skimmed  off,  from  which  321  pounds 
of  hand-picked.    The  other  L,343  pounds  contained 

or  v^i  pounds,  oi  recoverable  metal,  a  total  of  l$05 
rnnds  per  heat.    The  ered  metal  thus  amounted 

i  the  charge. 
.  obtained  gbing  the  empty  ladles  before  pour- 

ind  we  the  ladle  plus  metal,  of  7\  per  cent  in 

ind  only  three-fourths  of  l  per  cent  does  not  check 

1  with  that  calculated  OU  the  analysis,  which  figures  out  to  about 

per  cent   in  the  second.     All  the 

'it  the  net  los-^  is  considerable  when 

•  ft  ..pen  throughout  the  heat,  and  not   very  high,  for  this 

s  of  material,  when  the  Bpout  IS  plugged  tightly  as  soon  as  the  oil 

tly  distilled  off  t<>  allow  it.  but  before  the  zinc  begins  to  be 
i. 

I'll  more  slowly,  and  gives  a  much  lower  pro- 
du<  '  n  operated  by  not  running  the  arc  till  the  oil  is  smoked 

uld  if  the  oil  were  not  present  and  the  arc  could  be  run 
from  i 
1ft  •  of  borinj  mall  enough  that  the  heat  of  the  fur- 

•  il  off  all  the  oil  so  quickly  that  little  of  it  decom- 
pose ;:.-   !••  t!..    furnace  to  form  Boot,  production  is  not  much  cut 

be  charged  first  and  the  oil  will  come  off 

charge  is  b«-inLr  put  in.    Mechanical  charging  is 

outrush  of  burning-oil  vapor  makes 

lifficult,  though  by  pointing  the  spoilt  upward  and 

.  with  a  Bhovel,  the  workmen  can  keep  out  of 

If  tli  led  <    I  ead  of  decomposed  within 

tal  by  the  blanket  of  soot  is 
>   that  has  to  «_ro  through  a 
much  redu  ed. 

icli  beti  .uld  be  obtained  on  charges 

pound-  only  were  charged  at  :>  time 

!!<    !  are   not    BO  bulky,  do  not   afl  a    rule 

.  and,  '  e  of  their  greater  coin- 

to  the  point  * here  the  oil  will  dis- 
till of  sill  rod  bo  i  though  quite  oily,  are 

i  ■  >  l  and  melted,  and  then 

Poll  anot  \^'i  or  perhaps 

,  oil  mivrht  be  h;i  tened.     As  it  i< 

e  :i  large  amount  of  cold 

it  of  the  danger  of 
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freezing  the  whole  charge,  and  as  it  takes  time  to  open  and  close  the 
furnace,  the  use  of  1,000-pound  or  even  smaller  charges  might  be  the 
best  way  to  handle  charges  of  all  oily  yellow  borings  in  the  1-ton 
furnace. 

Melting  this  oily  material  alone  is  about  the  most  disagreeable 
work  the  brass  melter  ever  has  to  do.  The  usual  method  is  to  use 
a  pit  coke-fired  crucible  furnace,  and  to  poke  the  charge  continually 
in  order  to  keep  the  soot  from  preventing  the  coalescence  of  the 
globules  formed  as  the  borings  melt.  The  labor  cost  for  melting  is 
high,  as  a  furnace  tender  can  attend  only  to  few  pots. 

Such  poking  or  rabbling  is  difficult  on  any  large  electric  furnace 
taking  a  large  charge  on  account  of  the  oil  flame.  All  oily  yellow 
borings  have  been  satisfactorily  melted  in  the  small  Ajax-Wyatt  in- 
duction furnace,  by  adding  about  25  pounds  every  10  minutes,  and 
poking  them  in,  but  this  method  also  makes  the  labor  cost  high. 

According  to  the  technical  superintendent39  of  the  Michigan 
Smelting  and  Refining  Co.,  neither  the  rocking  furnaces  nor  the 
Baily  furnaces,  of  which  four  of  each  are  installed  at  that  plant,  can 
handle  as  well  as  the  coke  fires  charges  of  100  per  cent  oily  yellow 
borings,  the  former  because  of  lowered  production  from  difficulties 
caused  by  the  oil  and  the  latter  because  of  low  production  and  the 
necessity  of  having  a  man  stand  in  front  of  the  furnace  and  rabble 
the  charge  continually.  Such  charges  therefore  are  still  run  in  the 
coke  fires.  Of  the  total  output  of  brass  and  bronze  in  that  plant 
about  60  per  cent,  late  in  1919.  was  being  melted  in  the  four  rocking 
furnaces,  about  30  per  cent  in  the  coke  fires,  and  about  10  per  cent 
in  the  four  Baily  furnaces. 

FURNACES   AT    DETROIT    COPPER   AND    BRASS    ROLLING    MILLS. 

In  a  test  on  yellow  brass  61 J  per  cent  copper.  36  per  cent  zinc,  2| 
per  cent  lead,  at  the  Detroit  Copper  and  Brass  Rolling  Mills,  in  9- 
hour  operation,  14  heats  of  1  ton  each  required  4.085  kw.  h.,  or  about 
290  kw.  h.  per  ton.  On  16-hour,  2-shift  operation,  18  heats  required 
4,500  kw.  h.j  or  250  kw.  h.  per  ton.  On  the  test  runs  the  metal  loss, 
on  yellow  brass,  made  up  of  fairly  heavy  scrap  and  new  metals  (zinc 
charged  at  the  start),  ran  from  0.5  to  0.6  per  cent. 

According  to  the  metallurgist  of  this  firm,  in  regular  operation  10 
heats  are  usually  obtained  in  16-hour  operation,  two  8-hour  shifts. 
The  power  consumption  averages  250  kw.  h.  per  ton  or  less,  and  the 
metal  loss  runs  under  1  per  cent.  The  total  electrode  consumption 
is  about  3j  pounds  per  ton.  The  metal  is  said  to  be  mixed  with  ab- 
solute uniformity,  no  greater  difference  in  composition  between  the 
first  and  last  metal  poured  being  found  than  between  duplicate  analy- 
ses of  the  same  sample.     That  i<.  within  the  limits  of  analytical  er- 

38  Private  communication,  October,  1919, 
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the  inixinir  ifl  perfect    The  metal  is  poured  direct  from  the  fur- 
e  to  the  molds.    The  first   furnace,  installed  in  an  inconvenient 
location  and  under  rather  unfavorable  conditions,  when  operated  en- 
ro  crew,  gave  approximately  the  same  Labor  costs  as 
iru    bs.     With  a  battery  oi  Mechanically  charged  fur- 
ted  that  the  labor  cost  will  be  materially  reduced. 
<  H     UN  I  lay  tot  at  this  plant  M  tons  wore  melted,  6 

i*  I  ton  each  being  made  per  J)  hour  day.  the  average  power 
consumption  being  about  275  kw.  h.  per  ton,  and  the  net  metal  loss 
ut  on  a  charge  of  halt*  new  metal,  half  scrap. 
iginal  furnace  at  this  plant  has  been  altered  to  the  direct 
tring  type,  and  when  the  furnaces  that  are  now  being  installed 
at  ion  this  firm  will  have  eight  1-ton  direct-pouring  Detroit 

RESULTS    AT    CHASE    METAL    WORKS. 

\t  the  Chase  Metal  Works,  operating  two  furnaces  on  60:40  brass, 
1  .  i  1,100    C.)  or  above,  one  furnace  was  run  one 
.  ind  for  i7<i  l-ton  heat-  averaged  6,800  pounds  out- 
power  consumption  bein^  280  kw.  h. 

furnace,  run  two  6-hour  shifts,  averaged  for  100  1-ton 

heat-  U  nds  output ;  thai  is,  it  melted  8  to  9  tons  in  lb  hours. 

Ug  time  p«-r  beat    was  Only  56  minutes,  so  that  by 

p  the  pouring  and  charging  the  output  could  be  increased 

rhe  a\>  tower  consumption  was  825  kw.  h.  per  ton. 

both  furnaces,  the  average  metal  loss  was  1  per 

<»f  60:  1"  brass  in  four  furnaces,  this 

•  cui  the  actual  melting  time  to  about  52  minutes  per  heat. 

sumption  was  about  240  kw.  h.  per  ton  and 

I .  the  charge  being  one-half  new  copper 

half  heavy  scrap  and  briquetted  borings.     Still 

bour  operation,  showed  on  55  heats  of  all 

5   lew.  b.   pci-  ton  and  an  output   of   H'» J 

.  wit}.  :::',  consecutive  heats  running  at  210  kw.  h.  per 
itput,  while  on  7i>  beat-  which  contained  about 

kw    b.   per  ton  and 
■  in    from    L.85   per  Cen1    on   clean 

oily  charge       Ne1  losses  were  not 


mi      [rot  Ago.  v<.i    108.  1921, 
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FURNACE    AT    CLEVELAND    BRASS    AND    COPPER    ROLLING    MILLS. 

On  charges  of  1,000  pounds  heavy  scrap,  900  pounds  light  scrap, 
the  alloy  melted  being  60  per  cent  copper,  37|  per  cent  zinc,  2J  per 
cent  lead,  a  5^-day  run,  working  8  hours  per  day,  at  the  Cleveland 
Brass  and  Copper  Rolling  Mills,  showed  a  production  of  G  heats 
or  5.7  tons  per  day,  a  power  consumption  of  about  220  kw.  h.  per 
ton,  and  a  gross  metal  loss  of  1  per  cent.  The  electrode  consumption 
was  2.4  pounds  per  ton. 

METAL  LOSS  COMPARED  WITH  THAT  IN  OIL  FURNACE. 

An  interesting  comparison  was  made  by  the  Ford  Motor  Co.  be- 
tween the  composition  of  the  metal  produced  by  the  rocking  furnace 
and  an  open-flame  oil  furnace,  the  same  charge  being  fed  to  both 
furnaces.  The  alloy  desired  was  a  bearing  bronze  of  about  87  per 
cent  copper,  8£  per  cent  tin,  3J  per  cent  zinc,  1J  per  cent  lead  with 
a  small  amount  of  phosphorus.  The  analysis  for  zinc  and  lead 
showed  the  following  results : 


Table  4S. 


-Comparative  analysis  of  products  from   similar  charges  melted  in 

open-flame  oil  furnaces  and  in  rocking  electric  furnaces. 


Open-flame  oil 

Electric  rocking 

furnace. 

furnace. 

Zinc. 

Lead. 

Zinc. 

Lead. 

Percent. 

Per  cent. 

Per  cent. 

Per  cent. 

3.08 

1.73 

3.71 

1.30 

3.08 

1.85 

3.84 

1.70 

1.32 

1.85 

3.  82 

1.77 

3.14 

0.99 

3.59 

1.73 

1.55 

1.83 

3.59 

1.73 

2.62 

1.28 

4.08 

1.85 

2.38 

1.65 

4.01 

1.58 

3.26 

1.31 

4.09 

1.56 

1.21 

1.47 

4.71 

1.73 

2.  .56 

1.42 

4.18 

1.48 

3.12 

1.59 

4.71 

1.93 

1.16 

1.47 

3.84 

1.69 

2.94 

1.91 

4.38 

1.96 

3.37 

1.39 

4.35 

1.71 

2.11 

1.39 

6.63 

1.56 

4.  OS 

1.  17 

4.25 

1.  13 

a  2.53 

a  1.51 

b  4.05 

b  L85 

a  Average— open-flame  oil  furnace— zinc.  2.5.3  per  cent;  lead,  1.54  per  cent;  total,  4.07  per  cent. 
b  Average — electric  rocking  furnace — zinc,  4.05  per  cent;  lead  1.65  per  cent;  total,  5.70  per  cent. 

An  occasional  variation  may  be  due  to  variations  in  the  individual 
charges,  though  all  charges  to  both  furnaces  were  calculated  to  be 
the  same;  The  lowest  zinc  content  in  the  electrically  melted  metal 
was  higher  than  the  highest  from  the  open-flame  oil  furnace,  ks 
the  electrically  melted  alloy  contained  in  loo  pounds  9i.3  pounds 
of  copper  and  tin  and  5.7  per  cent  lead  and  sine,  the  metal  ob- 
tained  in  the  oil  furnace   from  the  same  amount   of  charge   would 


■J-v, 
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pounds  copper  Mid   tin   and   MH5   pounds   load   and 
L08  per  cent  the  metal  melted  by  oil  eave  94.3  and 


pounds,  from  the  same  weight  of  charge  that  gave  loo 
pounds  to  the  electric;  that  is,  the  metal  loss,  calculated  from  the 

L.75  per  cent  more  in  the  open-flame  oil  furnace 
than  in  the  electric 

In  another  plant  which  also  operated  another  make  of  open-flame 

oil  furnace  and  a  rocking  furnace  on  this  same  alloy,  with  a  charge 

thai  "•  per  cent  borings  and  grindmgs,  the  gross  metal 

-  in  the  <>il  furnace  was  found  on  test  to  be  2.69  per  cent  and  that 

in  the  rocking  furnace  0.94  per  cent:  the  rocking  furnace  thus  saved 

in  1.75  nt  over  the  open-flame  oil  furnace. 

found  in  one  plant,  calculated  by  analysis,  and  that 
:n  another  plant,  determined  by  weighing,  is  thus  seen  to  be 
ime  on  the  same  alloy. 

above  -bowed  that  the  Ford  Motor  Co.'s  elec- 

wafi  giving  I  product  higher  in  zinc  than  was  aimed  at 

b,  the  charge  to  the  electric  furnace  was  altered 

•  •  for  this  difference,  and  the  following  analyses  on  13 

a  the  uniformity  of  the  product  from  heat  to 

dati  from  the  rocking  furnace. 


Tin. 

Zinc. 

phorus. 

8.  M 

0.015 

LOS 

.020 

.020 

3.  io 

L21 

.'..  73 

.01 1 

LM 

3.01 

.nit 

L88 

3.  20 

.020 

a  36 

.01 1 

a  13 

.010 

L21 

.011 

.010 

La 

• 

.013 

•  K7.08 

o  V 

i  1.27 

"  :i.  »_> 

•  •03S6 

M    1U-.VIAT!' 

1 

-a 



•  Ar*nt[: 

rU*MACl     AT  OF     ALUMINUM     MANUFACTURERS,     INC. 

•  it,  of  phosphor  bronze,  poured  at 

I   much  higher  temperature 

bb,  tl  power-  consumption  in 

■  fu'  •!  the  i  Uuminum  Manufacture 
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Inc..  was  330  kw.  h.  per  ton.  the  furnace  being  operated  9  hours  per 
day.  The  charge  was  poured  in  8  ladles,  each  holding  265  pounds. 
It  took  an  average  of  25  minutes  to  pour,  and  25  minutes  to  charge  a 
heat.  On  account  of  the  long  time  spent  in  charging  and  pouring, 
only  4  heats,  4J  tons,  were  made  in  9  hours.  This  firm  now  has  two 
rocking  furnaces  in  operation. 

FTJENACE   AT   ROME  WIRE   CO. 

It  is  claimed  by  the  users  that  the  1-ton  furnace  at  the  Rome  Wire 
Co.,  melting  cabbaged  copper  wire  and  scrap  copper  into  wire  bar, 
operating  10  hours  per  day,  produced  100  per  cent  conductivity, 
Mathiesen  scale,  metal  at  280  kw.  h.  per  ton  with  an  output  of  6 
tons  per  day.  The  furnace  requires  expert  operation  to  give  as  good 
a  performance  as  this  on  copper.  This  firm  has  discontinued  that 
part  of  their  manufacturing  work  for  which  they  were  using  the 
furnace,  so  that  this  furnace  is  no  longer  in  use. 

FURNACE    AT    PLANT    OF   MICHIGAN    LUBRICATOR    CO. 

A  time  analysis  on  18  heats  of  brass  containing  73  per  cent  copper, 
18  per  cent  zinc,  4  per  cent  tin,  5  per  cent  lead,  melted  in  a  rocking 
furnace  at  the  plant  of  the  Michigan  Lubricator  Co.,  showed  that 
the  average  time  used  in  a  heat  for  the  different  operations  was  as 
follows : 

Minutes.  Remarks. 

Opening  furnace  door, 2      Metal  is  poured  with  charging  door  in. 

Cleaning  out  dross  and  slag 2\ 

Charging 11| 

Rocking — no  arc  on 8i  This  to  drive  out  oil  as  charges  con- 
tained oily  borings. 

Clearing   charge   away    from   elec-  Rocking  to  drive  out  oil  may  bring  the 

trodes 2\  charge    so    close    to    the    electrode-; 

that  there  is  danger  of  overheating 
before  rocking  is  started,  so  any 
metal  lying  too  close  to  the  arc  is 
pushed  away. 

Closing  and  luting  door 2£ 

Running  arc — furnace  not  rocked     L'T'  |     Average  power  input    to  arc  about   lib) 

Running  arc — furnace  rocked 62$|       kw.  while  it  is  running. 

Pouring 28 

Adjusting  electrodes  and  :ill  fur-  Included    time    spent   at   end   of  day 

nace   maintenance .. —      6         taking  out  and  cleaning  electrodes 

to  prevent  sticking,  as  well  as  tak- 
•  Ing  a  fresh  grip  on  electrodes  with 

holders,     ofllng     bearings,     and     all 
Total,  2  hours  .",.", ',   minute  other  furnace  maintenance. 

It  thus  takes  K)  hours  for  1  heats.  2,040  pounds  per  heat,  poured 
a!  about  1,100°  ('.  When  the  charge  does  not  contain  oily  borings, 
it  <]')(     ik,(  have  to  be  left  with  the  arc  off  for  oil  to  smoke  out.  docs 
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to  be  cleared  awa]  from  the  electrodes,  the  arc  holds  bettor 

in  tiu1  atmosphere  of  oil  vapor  so  that  a  higher  kflowatt- 

Imur  input  can  be  held;  there  is  no  blanket  of  soot  <>n  top  of  the 

don  up  the  absorption  of  heat,  therefore  5  boats  can  he 

oars.    A  sixth  heat  could  be  made  by  speeding  dp  the 

■.  ..     On  a   1-day  nm,  20  heats,  the  power  consumption  was 

.  h.  per  ton;  on  another  4-day  run,  10  heats,  with  oily  borings 

iiiy   i  heats  per  day  were  made,  the  power  consump- 

per  ton.     The  last  heats  of  the  day.  under  the 

it  would  hold  in  24-hour  operation,  came  out  at  800  to 

kw.  h.  n  when  borings  were  used,  and  260  when  they  were 

I  »'i  aimthcr  run  on  the  Is  per  cent  zinc  alloy,  meltin<r  37 

ats  in  9  hours,  the  power  consumption 

a  >  ;il»<»ut  .".!."•  kw.  h.  |,(.'r  ton,  the  electrode  consumption  3.2  pounds 

metal  loss  2.5  per  cent  on  a  charge  of  45  per 

rap.  Lead,  and  cupper,  and  55  per  cent  borings.     The 

illic  in  the  charge  was  1.6  per  cent,  making  the  net 

FURNACE    AT    SHERWOOD    BRASS    FOUNDRY. 

■   per  cent  copper.  5  per  cent  tin. 

!   lead,  in  one  of  the   1-tOB  rocking  furnaces 

undry,  the  charge  being  mostly  ingots  and 

tone  m  !'  hour-.  20  minutes,  or  1,000 

n\  elapsed   time,  including  all   delays. 

Dsumption  was  about  345  kw.  h.  per  ton.    In  melting 

iv  actually  consumed  and  34  pounds 

i:l  204  pounds,  or  4  pounds  per  ton. 

•"< :king  furnace  at  this  plant,  on  17  tons  of  leaded 

pper,   10  it   tin.  8  per  cent  lead,  trace 

ph«  from  i  ontaining  20  per  cent  borings,  showed 

er hour, elapsed  time,  including  a  good  deal 

r  molds,  and   HSfid  ahmit   330  kw.  h.  per  ton.     The  total 

LI  pounds  per  ton    On  24  tons,  partry  of 

t  red  the  output  wae  890  pounds  per 

mption  h.  per  ton.  an. I  the  electrode 

per   ton.      A    third    i'urnare   ha-   since   hcen 

ruawAcr.  at  plant  of  denny-rine  co. 

'      I  in   L010  at  the  p|:, ut  of  the  Dcnny- 

' ,  on  24-hour  operation,  on  an  alloy 
I  I,,  l  per  cent  lead,  l<»  per  cent 
cenl  oily  yellow  borinj 
pound,  could  be  charged 
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into  the  1-ton  furnace,  gave  20  heats,  or  16  tons,  in  24  hours,  at 
about  270  kw.  h.  per  ton,  with  a  gross  metal  loss  of  3.6  per  cent  on 
a  charge  containing  2.9  per  cent  of  oil,  dirt,  and  other  nonmetallic, 
or  0.7  per  cent  net  metal  loss. 

On  24-hour  operation  on  2,200-pound  charges  of  all  red  brass  bor- 
ings, 21  to  22  tons  were  produced  in  24  hours,  at  about  240  kw.  h. 
per  ton.  The  electrode  consumption  was  2J  pounds  per  ton  on  24- 
hour  operation  and  3J  pounds  per  ton  on  single-shift  operation. 

During  the  period  February  1  to  September  1,  1919,  it  is  said  that 
the  power  consumption  per  ton  of  metal  shipped  from  this  plant 
was  290  kw.  h.  per  ton.  This  period  included  both  24-houi  and  1- 
hour  shift  operation.  The  lining  life  was  600  heats  on  intermittent 
operation.  This  company  sold  its  plant  to  the  Hills-McCanna  Co., 
which  now  operates  the  500-pound  furnace  formerly  used  by  the 
Denny-Rine  Co.  The  furnace  used  by  the  Denny-Rine  Co.  is  now 
the  property  of  the  Parrish-Pool  Co.,  of  Cleveland,  which  also  oper- 
ates two  other  1-ton  Detroit  furnaces. 

A  test  on  leaded  bearing  bronze  made  in  the  Denny-Rine  Co.'s 
furnace  shows  how  lead  is  absorbed  by  a  hearth  until  the  hearth 
becomes  saturated  with  it,  and  also  shows  the  uniformity  of  the 
alloy  produced  by  the  rocking  furnace. 

Table  50. — Analysis  of  first  and  last  metal  poured  from  rocking  furnace  melting 

alloys  high  in  lead. 


Heat  No. 


Cu. 


("First  ingot  from  first  ladle. . 
I  Last  ingot  from  last  ladle.. 
[First  ingot  from  first  ladle, 
i  Last  ingot  from  lasl  ladle. . 
j  First  ingot  from  firs)  hullo. 
\Last  ingot  from  last  ladle.. 
( First  ingot  from  first  ladle. 
\Last  ingot  from  last  ladle.. 


Per  cent. 

72.73 
72. 12 
68.89 
69.09 
66.51 
67.15 
67.07 
66.01 


Sn. 


Per  cent. 
4.97 
4.88 
4.86 
4.47 
4.24 
4.30 
4.30 
4.47 


Pb. 


Per  cent. 
21.02 
20.97 
23.  19 
22.96 
25.49 
25.28 
25.02 
25.87 


Appar- 
ent metal 
loss — no 
correc- 
tion for 
oil  or 
dirt. 


Per  cent. 
8.0 

.'.  .s5 

3.5 


FURNACE    AT    GENERAL    ALUMINUM    AND    BRASS    MANUFACTURING    CO. 

On  a  test  of  red  brass  85  per  cent  copper,  5  per  cent  each  of  lead, 
tin,  and  zinc  (38  per  cent  new  metal  and  ingots,  38  per  cent  found rv 
scrap,  24  per  cent  borings),  34  tons  were  melted  in  60  working  hours. 
Six  1-ton  heats  were  made  in  9  hours  and  7  in  10  hours.  The  weight 
of  charge  was  68,404  pounds  and  68,101  were  poured,  a  gross  loss 
of  303  pounds  or  0,  U  per  cent.  The  daily  gross  loss  varied  from 
0.3  per  cent  to  0.7  per  cent.  The  average  electrode  consumption  was 
3.5  pounds  per  ton.  About  9,8S0  kw.  h.  were  used,  an  average  of 
68723    -22 1G 
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kw.  h.  per  ton.    The  average  pouring  temperature  was 
l.l ;  F.),    The  power  consumption  ;ii  the  end  of  a  day's 

run  was  about  250  kw,  h.  per  1-ton  beat    A  second  furnace  is  now 
in  use  by  this  plant. 

FURNACE  AT   BRIDGEPORT  BRASS   CO. 

A  Detroit  furnace  used  at  the  Bridgeport  Brass  Co.,  operating  on 

pure  copper  and  copper-tin  alloys,  had  some  trouble  from  short  life 
be  refractory  Lining,  but  a  recent  communication41  from  this  firm 
6  :  "  We  have  recently  been  getting  very  satisfactory  results  as  we 

have  largely  remedied  the  lining  troubles  that  we  previously  had." 

FURNACE     AT    WHEELER     CONDENSER    AND     ENGINEERING    CO. 

This  furnace  was  at  first  handicapped  by  the  line  voltage  falling 
expected,  with  the  result  that  the  furnace  could  take 
kw.     Production  was  retarded  and  the  power  con- 
On    L50  ten-  of  60:40  brass,    10-hour  operation, 
many   days    when   the   furnace   was   not  run   owing  to 
upply,  and  when  as  a  result  unusual  pre- 
involved,  the  power  consumption  ran  something  under 
kw.  li.  ;..  r  ton,  and  tin-  gross  metal  loss  was  0.91  per  cent.    The 
tically  all    light   scrap  and   each   contained    loo 
Urates  which  carried  some  nonmetallic. 
melted   Inter,  of  60:  l<»  alloy,    LO-hour  operation,  a 
Lr  preheat  being  included,  the  power  consumption 
.  fi.  per  ton.    In  a  94-hour  continuous  run,  melting 
ras  0.34  per  cent,  and  the  power  con- 
about  375  kw.  h.  pci-  ton.    All  these  rims  were  handi- 
I  by  the  low  power  input. 

FURNACE  AT  WHITE  AND  BROTHER. 

1    the  ii:  -t  W  tans,  both  red  and  yellow,  LO-hour  operation,  the 

consumption  was  around  360  kw.  h.  per  ton.     The  latter  part 

I  be  run  gave  around  300  kw.  h.  per  ton,    I  f  given  in  terms  of  the 

furnace  kv.  ,-h,  meter  all  the  power  consumption  figures  on  the  Detroit 

-  cited  in  this  report  have  been  corrected  to  include 

•  •-  in  transformers  and   lecondary  Leads  in  order  to  include 

-I. 

■   h  tor  of  these  rocking  furnace  installations  including 
illy  better  than  80,  though  McMicken  M  cites  one 
r  factor  of  but  72. 
Deti  rking  furnace,  quoted  February  24,  L920, 

roit,  as  follows:  500-pound  size, 
pound  I  ton   size,  $11,500.     Automatic 
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electrode  control  costs  about  $750  additional  and  a  nose-tilting  device 
for  the  1-ton  furnace  costs  $1,250  additional. 

These  figures  include  transformer,  reactance,  oil -switch,  and  its 
remote  control  operating  device,  switchboard  complete  with  watt- 
meter and  watthour-meter,  contactors,  rocking  motor,  worm-gear 
reduction  drive,  rocking-control  device,  etc.  Hyatt  roller  bearings 
are  supplied  on  all  principal  bearings. 

LIFE   OF   LINING  IN   THE   ROCKING   FURNACE. 

The  general  average  of  the  life  of  the  lining  in  the  1-ton  rocking 
furnace  is  given  as  about  350  heats  though  600  to  800  heats  are  not 
uncommon.  One  plant,  pouring  at  about  1,250°  C.  (2,275°  F.), 
has  obtained  only  about  125  heats,  in  one  case  getting  only  25. 
Oddly  enough  the  brick  used  in  the  lining  that  ran  but  25  heats 
was  from  the  same  shipment  as  a  lining  that  ran  737  heats  in 
another  1-ton  furnace  at  another  plant. 

The  cost  of  the  inner  course  of  corundite  brick,  which  is  all  that 
need  normally  be  replaced  when  relining  is  done,  is  given  (Mar.  1, 
1920)  as  about  $100,  and  the  labor  for  relining  about  $50.  Graphite 
electrodes  cost  about  25  cents  per  pound. 

PERFORMANCE  OF  SMALLER  SIZES  OF  ROCKING  FURNACE. 

Only  scanty  data  are  available  on  the  performance  of  the  smaller 
sizes.  The  1,000-pound  furnace  at  the  Oregon  Brass  Works,  oper- 
ated to  average  5  heats,  or  2J-  tons  in  8  hours,  gave  an  average  power 
consumption  of  350  kw.  h.  per  ton  on  60  heats  of  red  brass,  gun 
metal,  and  leaded  bronze.  This  size  has  not  been  operated  on  24- 
hour  service,  but  the  figures  for  the  last  heats  of  the  day  indicate 
that  it  would  run  at  about  250  kw.  h.  per  ton. 

The  500-pound  furnace  at  the  Hills  McCanna  Co.,  operated  to  give 
four  heats,  or  1  ton  in  8  hours,  used  about  385  kw.  h.  per  ton  on  red 
brass.  On  14  heats,  the  furnace  being  operated  only  for  2  or  3 
heats  on  most  of  the  days,  the  power  used  was  425  kw.  h.  per  ton. 
From  the  last  heats  of  the  day,  it  is  indicated  that  this  size  would 
take  about  300  kw.  h.  per  ton  on  24-hour  operation.  According  to 
later  data,4'5  when  operated  to  give  6  heats  (U  tons)  in  1)  hours, 
the  furnace  takes  around  315  kw.  h.  per  ton,  measured  on  the  sec- 
ondary side  of  the  transformer  or,  say,  about  S40,  measured  on  the 
primary.  By  cutting  down  the  delays  between  heats,  7  heats,  1} 
tons,  can  be  made  in  9  hours,  and  the  primary  power  consumption 
would  be  about  325  kw.  h.  per  ton.  On  24-hour  operation,  it  ap- 
pears from  the  last  heats  of  the  d-<\y,  the  power  consumption  should 
fall  to  about  275  kw.  h.  per  ton. 

:    DUler,  IT.  !■:..  Adapt  Ingot  foundry  to  eastings,  Foundry,  vol.  is.  1020,  p.  r»03. 
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In  Mav  tnd  Juno.  l'.'-Jc.  th<»  furnace  being  operated  to  give  from  9 
te  ■  day,  averaging  about    I.  the  average  output   was  346 
inds  per  hour,  at  ;>T  I  kw.  h.  per  ton.  measured  on  the  secondary, 
that  i^,  about  i'"1  on  the  primary.    The  Chapman  Valve  Manufac- 
turing Co*,  Indian  Orchard,  Mass.,  is  installing  a  furnace  like  the 
0-pound  si/o.  l>ut  with  a  thinner  Lining,  so  as  to  hold  750 
pounds  of  metal,  and  provided  with  a  L25*kw.  trans  former. 

HOCKING    FT7ENACE    USED    IN    PREPARATION    OF    ALUMINUM     STEEL    AND 

GRAY    IRON. 

M    Ilium  Steel  Castings  Co.  installed  n  1-ton  rocking  furnace 

-   a   mixer  in  making  Up  an  experimental  series  of  alloys 

of  a  Low-carbon  -tod  containing  12  to  20  per  cent  aluminum 

.lit  titanium.     It  was  hoped  that  such  alloys  might 

l>o  useful  '  B  materia]  resistant  to  oxidation  at  high  temperatures 

1. 

rated  intermittently:   for  example,  the  cold 

fur  ould  1  •  I  to  a  red  heat  by  the  use  of  about  240  kw.  h.. 

aluminum  charged,  melted,  and  held  by  the  use  of  50 

.  h.  till  t  ready  t<>  add.  then  Too  to  7f><>  pounds  of 

from   a    HerouH    furnace   was  added.  40   pounds    ferro- 
1.  and  the  furnace  rocked  L5  to  20  minutes,  iisinir  7.r> 
100  kw.  li  tiring  the  resultant  alloy. 

thoroughly  mixed  metal  of  uniform 

i  allow  controlling  the  pouring  temperature,  about 

1 '.   (1,(  <  .)  torily.     The  ordinary  rorundite  Lining 

icked  in  t;  \perimental  heats  run;  instead  there 

uilt  up  an  accretion  of  slag  or  dross,  which,  on  being 

'•hij  '.  left  the  Lining  underneath  in  good  condition. 

fa  th<         '   Dg  and  use  of  these  alloys  some  difficulties  were  found 
h  required  further-  experimental  work  on  the  properties  of  the 
■Hoys  themselves.     \'o  commercial  use  therefore  has  boon  made  of 
the  fm  or  this  purpo 

l    •■  Hoi  i  Valve  Mfg.  Co.,  Homestead,  Pa.,  has  installed  a 

L-tOI     I  <•  with  automatic  electrode  control  to  melt   Lrray 

teel.    Another  l  ton  furnace  for  the  same  purpose  is 
died  by  tie-  Russell  Wheel  and  Foundry  Co..  Detroit.  Mich. 

"ii  melting  gray  iron,  it  appear-  that  the  furnace 

will  produce  about  :,  torn  in  a  in  hour-  day.  at  around  600  kw.  h.  per 

1    '  d  of  around  2.7C  per  cent  C,  L.50  to  1.70 

•it   M11.  one,  |)(.r  rr,it  S.  0  L6  per  cent   I'  gave 

eboui  1  poundi  per  iquare  inch.    A-  high  ai  TO  percent  borings 

and  fundi.  ,.(p 
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DETROIT  FURNACE  MELTING  ALUMINUM. 

A  150-kw.  Detroit  furnace,  with  a  thinner  lining  than  the  regular 
150-kw.  brass  furnace,  so  as  to  give  a  capacity  of  1,000  to  1,200  pounds 
of  aluminum  has  been  installed  for  aluminum  melting  by  the  Storm 
Peak  Potash  Co.,  Denver,  Colo.,  but  no  data  are  yet  available  on  its 
performance. 

UNIVERSAL  ENGINEERING  CORP.    ROCKING  FURNACE. 

The  Universal  Engineering  Corp.,  Baltimore,  Md.,  applied  early 
in  1919  for  a  license  to  manufacture  rocking  furnaces  for  sale 
under  the  Bureau  of  Mines  patents  and  built  a  furnace  at  the  plant 
of  Jos.  Brenner  &  Co..  Hagerstown,  Md.,  the  drawings  for  which 
show  that  the  design  embodies  many  of  the  improvements  worked  out 
by  the  Detroit  Electric  Furnace  Co.  over  the  bureau's  experimental 
furnace,  apparently  differing  only  in  minor  details  of  design  from 
the  Detroit  furnace. 

The  furnace  was  operated  in  August,  1919,  and  was  reported  by 
the  electrical  engineer  of  the  Universal  Engineering  Corp.  as  work- 
ing very  well,  but  as  having  some  minor  faults  in  mechanical  con- 
struction. Late  in  October  the  electrical  engineer  reported  it  had 
been  decided  practically  to  rebuild  the  furnace  and  to  correct  all  the 
faults  of  construction  that  had  yet  been  discovered  before  submitting 
the  furnace  for  the  inspection  and  test  by  the  Bureau  of  Mines  that 
must  be  made  before  a  license  to  sell  the  rocking  furnace  can  be 
issued.  No  quantitative  data  on  the  performance  of  the  furnace  has 
been  submitted  to  the  bureau,  but  it  was  stated  that  in  the  first  trials 
yellow  brass  scrap  was  melted,  and  then  skimmings  were  tried,  the 
recovery  of  metal  being  so  high  that  the  furnace  was  kept  at  this 
work  for  some  time,  though  some  trouble  was  met  by  the  slag  building 
up  onto  the  lining.  The  furnace  was  then  used  for  recovery  of  lead 
residues.  The  furnace  is  said  to  have  operated  for  a  period  of  8 
mouths  on  a  corundite  lining  in  such  service.  How  nearly  continuous 
the  operation  was  during  that  period  is  not  known.  Repeated  re- 
quests to  the  Universal  Engineering  Corp.  for  data  on  the  per- 
formance of  the  furnace  failed  to  secure  any  data  whatever,  and 
since  the  work  with  the  furnace  appeared  to  have  ceased,  not  itication 
was  sent  to  that  firm  by  the  Director  of  the  Bureau  of  Mines  in  duly. 
1920.  that  m  view  of  the  firm's  failure  to  supply  data  and  to  continue 
development  of  the  furnace,  cooperation  of  the  bureau  was  at  an  end 
and  a  license  would  not  be  issued, 

REVOLVING  BRASS  FURNACE. 

In   1917  one  revolving  oil-fired  open-llaine  brass   furnace  was  put 
on  the  market  u  and  another1"'  was  advertised  late  in  1919. 

"Anonymous,  .\  aoncrudble  rerolvlng  furnace,  Metal  ind.,  vol.  lfl,  101S,  p, 

"Anonymous,  A  rontlnuoui  revolving  BOncrudble  metal  inciting  furnace,  Metal  Ind.. 
vol.  17,  i>.  4'.»s.   L919. 


rRIC    BRASS    FURNACE    PRACTICE, 

Following  publication  of  the  experiments  of  the  Bureau  of  Mines 

with  tlu'  rocking  type  of  furnace,  and  the  successful  commercial  use 

the  Detroit  furnace,  the  idea  of  moving  an  electric  brass  furnace 

while  running  taken   up  by   various  designers  and  builders  of 

trie  brass  furnaces  and  applied  to  various  furnaces,  on  the  opera.- 
;  of  which  very  little  information  is  yet  available. 
Tlu-  gyrating  or  revolving  Thomson  zigzag- resistor  furnace  de- 
and  thf  Harvey  revolving-furnace  design   have  already  been 
Another  furnace,  the  Booth,  has  been  designed,  in  which 
the  fuma-  evolved  in  one  direction  instead  of  rocked  back  and 

th.     The  Bureau  id'  Mines  considered  the  complete  revolution  of 
ead  of  rocking  it.  and  the  use  of  a  taphole,  as  well 
<>f  more  than  one  gel  of  electrodes  for  polyphase  current, 
rom  the  patent-."  but  did  not  construct  a  rotating  or 
form  <>f   furnace    for  the    following  reasons:  First,  con- 
tin  station  of  the  furnace   involves  the  use  of  some  sort  of  a 
ii  the  electrical  circuit    which  is  not  extraordinarily 
difficult   to   bundle  on   a   -mall    furnace  taking,  Say,  only    KM)  kv.   a. 
th«  taller  furnaces  trouble  would  be  expected  in 

n-  h  contacts  amid  the  dust  and  dirt  of  a  foundry. 
Rcienj  capacity  to  make  it  generally  useful, 
as  a  \  i.  furnace,  the  use  of  a  moving  contact  to  carry 

a  current  <-f  around  \  i  rei  hardly  appears  to  be  desirable. 

revolving  joint  in  the  water  line  to  the  elec- 

which    mu-t    be   carefully    maintained    to    keep    it    from 

The  pains  taken  by  Stassano  IT  to  construct  his  later  forms 

of  the  mo\   Qg  St  furnace  to  allow  the  use  of  cables  and  water 

\a  having  ;i  permanent  and  solid  connection  in  place  of  the 

bri,  osi   I   in  the  early  rotating  form,  shows  the 

hiHons  reached  on  this  point  in  attempts  to  employ  a  sliding  con- 

:■    electric  furnace  wider  foundry  conditions. 

I.  ;i  furnace  which  admit-  only  of  continuous  rotation  in  one 

I  in  motion  when  it  contain.-;  a  partly  solid 

nine;  heavy  ingots  or  chunks  of  metal,  as  these  may  be 

I   up  by  the  motion  of  the  furnace  SO  far  that  they  do  not  fall 

the  electrodes,  and  when  they  do  fall,  they  hit  the 

On  ;i  charge  of  all  borings,  the  furnace 

th  comparative  impunity,  as  the  borings  might  be 

light  t<»  break  the  i  lee,  but  on  an  UlgOt  charge,  it   is  neces- 

r  under  the  proper  capacity  of  the  fur- 

i  all  melted  before  starting  to 
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A.  A  ONE-TON   BOOTH    ROTATING    FURNACE,  SHOWING   AUTOMATIC   ELECTRIC 

CONTROL 


B.   A  500-POUND   BOOTH    ROTATING   FURNACE. 
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ST  COMMERCIAL   AJAX-WYATT   FURNACE. 


AT   THJ  I    OF  THE 

A,  AL  CO. 
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rotate.  Inspection  of  figure  32  will  show  how  rotation  of  the  furnace 
past  a  certain  point  in  the  first  three  or  four  views  would  cause  the 
ingots  to  tumble  over  on  the  electrodes. 

On  alloys  high  in  zinc  it  is  essential  that  the  furnace  start  to  move 
as  soon  as  an  appreciable  quantity  of  molten  metal  has  accumulated 
so  that  any  of  it  which  has  become  pocketed  under  the  arc  may  be 
poured  out  of  the  pocket.  If  it  is  retained,  it  becomes  superheated, 
just  as  in  any  stationary  indirect-arc  furnace,  and  the  pressure  of 
zinc  vapor  becomes  so  great  that  the  furnace  can  not  be  kept  tight, 
and  loss  of  zinc  ensues.  Just  as  it  was  found  that  the  600-pound 
Snyder  furnace  could  be  kept  tight  on  an  alloy  high  in  lead,  though 
the  1-ton  furnace  could  not,  so  the  difficulty  of  keeping  an  indirect- 
arc  furnace  tight  on  alloys  high  in  zinc  increases  as  the  size  increases. 
A  1-ton  furnace  melting  60:40  brass  can  be  operated  only  with  great 
difficulty,  if  at  all,  unless  the  stirring  of  the  metal  by  rocking  is  begun 
long  before  enough  oi  the  charge  has  melted  to  allow  wide  rocking 
of  the  furnace  without  breaking  the  electrodes.  Hence  the  rocking 
furnace  has  been  provided  with  means  for  varying  the  rocking  angle 
from  the  "  safe  rock  "  to  the  "  full  rock  "  as  the  melting  progresses. 

These  reasons,  and  various  other  minor  ones  having  to  do  with 
convenience  in  operation,  were  sufficient  to  outweigh  the  two  advan- 
tages of  complete  rotation:  (1)  The  washing  of  all  the  furnace  Avail 
with  metal  instead  of  about  90  per  cent  of  it ;  (2)  the  greater  stability 
of  a  solid  lining  instead  of  one  pierced  by  the  opening  for  the  charg- 
ing door. 

BOOTH  REVOLVING  FURNACE. 

The  Booth  4S  furnace  is  a  rotating  indirect-arc  furnace,  which  in  a 
k2.V)-pound  size  was  first  tried  out  at  the  plant  of  Leitelt  Bros.,  Chi- 
cago, the  first  heat  being  made  on  May  17.  1919.  A  500-pound  size 
of  this  furnace  is  shown  in  Plate  XX.  //.  mid  a  1-ton  size  in  Plate 
XX.  .1  ;  it  is  a  horizontal  cylinder  mounted  on  rollers  and  with  the 
electrodes  entering  on  the  horizontal  axis,  adjustable  by  electrode 
holders,  the  design  closely  resembling  that  of  the  rocking  furnace 
save  that  the  metal  is  tapped  from  OM  end  and  charged  from  the 
other  by  opening  a  door  which  carries  one  electrode  and  its  holder. 
This  method  of  tapping  and  charging  has  been  criticised  us  incon- 
venient by  some  user-.  Current  is  carried  to  the  electrodes  by  flexible 
lead-  connected  to  two  bronze  shoes  on  the  shell  and  insulated  from 
it  which  take  current   from  the  main  cables  by  sliding  contacts. 


"Booth,  C.  H..  The  Booth  electric  rotating  i>r:i-<  furnace,  Iron  Age,  vol,  108,  1910,  p. 
1600;  Metal  Ind.,  vol.  17.  1010,  p.  :;it.  voL  18,  1920,  p,  156;  Chem.  Met  Bng\,  vol.  'ji. 
1010,  p.  <;:'.T  :  Foundry,  vol.  18,  v.r^K  p.  004;  Booth,  \v.  K..  r.  s.  Patent  1, 332,706 i 
Mar.  •_'.  1920,  and  i.:;s".7<;7.  Jane  7.  1921  :  Harper,  r.  w  ..  i  .  -  Patent  l. :::;<; .»;.:  Jan. 
18,   1021. 
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\  the  furnace  Bay  that  when  turnings  or  similar  ma- 

■.    I.  rotation  can  be  started  at  once;  bu1  when  ingots 

elted  rotation  must  be  delayed  till  (ho  metal  is  partly  melted 

void  electrode  breakage.    Emphasis  is  laid  on  the  fact 

dl   furnace  of  this  type  could  he  lifted  oil'  bodily  and  par- 

POT  pouring  by  a  crane:  it  is  not  known  whether 

tually  tried. 

tput   i  '-pound   furnace  is  given  as  1  ton  in  7.1  to  8 

the  pow er  consumption  is  stated  to  be  as  low  as  240  kw.  h. 

with  the  furnace  hot :  800  kw.  h.  per  ton  is  claimed  on  cSdiour 

.  and  a  Lining  life  of  600  to  l.ooo  heats  is  claimed!. 

ire  low:  dirty  concentrates  from  floor  sweepings  that 

1  t«»  }<»  per  cent  loss  in  crucibles  showed  17J  per  cent  <rross  loss. 

turnings  have  been  melted  with  a  gross  loss  of  H  per 

•  •How  ::,Lr"t   with   1   per  cent,  and  red  brass  and  bronze,  below 

•i  indr  beate  of  dean,  yellow,  and  red  brass,  in   which 

overheat    the   metal,  (inures  of  0.4  per 
ctively,  were  obtained.    A  test  on  the 
bowed  a  production  of  2,000  pounds 
h.  per  ton  with  mi  electrode  consumption  of 
D  and   a   metal   loss  of  (1.7;,  p».r  cent.     Further  data 
■'  the  250-pound    Booth    furnace  at  Leitelt    Bros. 
In  the  month  of  June,  1(.>1!>.  the  furnace  run  on 
oar  operation,  melted  35,215  pounds,  averaged  480  kw. 
1   pounds  graphite  electrodes  per  ton.     The 
of  the  furnace  installation  itself,  on  the  secondary  side 
1  to  71   pci-  cent  :  thai  on  the  primary  side, 
per  cent.     This  power  factor  is 
it   it   involves  a  power   factor  penalty  in  most    power  con- 
It  low  in  order-  to  make  the  arc  maintain  itself 
0  that    the   operator   would    not   be    forced 

1      '  !l  the  tin,.,  for  adjustment  of  the  arc.    As  the 

pound    furni  0    low.   the    labor   cost    with    one 

Wild  become  I  re.      Another   way  out   of  the 

■•  '  ;  h  ■  device  for  automatic  electrode  control. 

in  dun.-  the  following  metal  lo  b  data 

1  : 


Y4k 

YaBow  faTMab 


ll.-.l. 

I'nil, 
120 

V<r  it  nt. 
0.  Ml 
1.40 

1 1.  u 

'  .    W  '  -  r  I  - 1 .    v«.|.     ,  p.    J  J07. 

•cm.  an':  L920,  p.   L86. 
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The  borings  were  said  to  contain  8.28  per  cent  oil  and  5.38  per  cent 
nonmetallic,  or  13.G6  per  cent,  leaving  a  net  metal  loss  of  0.55  per 
cent. 

The  power  consumption  on  this  two  weeks'  run  was  441  kw.  h.  per 
ton.  Booth  50  states  that  the  250-pound  rotating  furnace  linings  have 
lasted  550  to  600  heats  and  claims  for  the  500-pound  size,  in  9-hour 
operation,  an  output  of  3.800  pounds  of  red  brass  at  310  kw.  h.  per 
ton.  In  a  run  of  one  month,  during  which  40  tons  were  melted,  the 
power  consumption  was  370  kw.  h.  per  ton,  and  the  electrode  con- 
sumption was  3.7  pounds  per  ton. 

The  first  lining  of  the  250-pound  furnace  is  said  to  have  lasted 
almost  500  heats.  The  makers  recommend  that  the  power  factor  be 
made  70  per  cent  in  order  to  cut  down  the  amount  of  hand  regulation 
required.  In  this  case  it  is  stated  two  men  can  charge  and  handle 
three  250-pound  furnaces. 

At  the  Fulton  Harwood  Brass  Works,  South  Bend,  Ind.,  in  the 
period  June  6  to  July,  1920,  40  tons  of  red  brass  were  melted  at 
371  kw.  h.  per  ton  in  the  500-pound  Booth  furnace ;  3.7  pounds  elec- 
trodes were  used  per  ton.  The  metal  loss  was  estimated  at  0.75  per 
cent. 

In  other  plants  operating  the  500-pound  furnace  on  yellow  brass, 
10-hour  operation,  the  power  consumption  is  stated  to  run  close  to 
300  kw.  h.  per  ton  and  the  output  around  2J  tons. 

The  usual  lining  life  is  given  as  600  heats. 

Booth  51  has  recently  given  details  of  the  operation  of  250  and  500 
pound  furnaces,  but  no  data  have  been  published  on  the  operation  of 
the  1-ton  furnace. 

Bragg52  stated  that  as  far  as  he  was  able  to  see  the  1-ton  Booth 
furnace  at  the  Michigan  Smelting  and  Refining  Co.  "looked  satis- 
factory, but  he  was  not  ready  to  speak  with  certainty  at  that  time." 

A  Booth  furnace  is  installed  at  the  Bridgeport  Brass  Co.,  but  this 
firm  states : 53  "  The  Booth  furnace  was  not  a  success,  as  the  type  of 
lining  furnished  did  not  stand  up  at  all  well." 

The  furnace  is  made  for  110-volt  single-phase  current.  The  fur- 
nace is  said  to  have  been  designed  in  capacities  of  150,  250,  500,  1,000, 
2,000,  and  3,000  pounds.  The  transformer  capacity  for  all  sizes  is 
not  given,  but  that  used  for  the  250-pound  furnace  is  75  kv.  a.:  for 
the  500-pound.  125:  for  the  1,000,  180;  and  for  the  2.000,  300.  The 
price  of  the  250-pound  furnace,  without  transformer,  primary 
switch,  etc.  was  said  to  be  about  $3,000  in  September,  1919.  The 
additional  equipment  necessary  for  a  complete  installation  would  cost 
several  hundred  dollars  more. 

..th.  C.  H.,  Later  typ.>  furnace,  Foundry,  vol.  -is,  id-jo,  p.  400. 

61  Booth,  C.  II.,  Booth  rotating  electric  furnace.    Metal    Ind..  vol.   18,    1920,   p.  466. 

Bragg,  C  T..  Discussion,  Metal  Ind..  vol.  18,  10'J(».  p.  447. 
M  Webster,  W.  It.,  personal  communication,  Au;r.  24,  1921. 
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ms  to  be  applicable  in  small  sizes,  but  its  degree 
ilability  m  1  -   has  not  yet   been  thoroughly  shown. 

AMERICAN  REVOLVING  FURNACE. 

\  ! .;•  trani  into  the  field  was  the  American  indirect-arc  fur- 

ed   by  the   American  Metallurigcal   Corp.     This  fur- 

Gursl  advertised*84  Late  in  L919.     A  description  given  by 

'  shows  that  the  furnace,  though  claimed  to  he  an  adaptation 

qc  furnace,  deviates  greatly  from  the  original  design 

following  very  closely  indeed  except  in  one  particular  the 

the  I  Detroit  rocking  furnace, 

I  «»f  t!  Lonary  electrodes  of  the  Weeks  furnace,  the 

1  supports  arc  attached  to  the  furnace  shell  and  move 

th    it.      In   the    We  ks   padnt    '   a    handwheel    is   shown,   and  the 

h    illustrating   Hai  paper  on  the    Weeks  furnace 

lently  aed  by  hand,  if  at  all,  by  which  the 

ould  be  turned  (..ei-  now  and  then  to  Interchange 

irth    in   order  to  obtain   uniform    wear  of  the   Lining  as 

.  by  \\  or  work  on  /.inc.    Ryan,  however,  provides 

itomati  tches  by  which  the  drum  can  be  rotated 

ircumference  at  the  will  of  the  operator,  a 

lu!.Lr    it    possible   to   set    operation    at    any    given 

ilogous  to  the  control  device  previously  used  in  the 

faros  automatic  control  of  rocking  and  for 

•k  "  at   the  Start  to  "full   rock"  at  the  end. 

o  designed  to  be  rotated  completely  if  desired, 

irging  door  and  pouring  spout  are  on  the  circum- 

:  d  while  a  pouring  spout  can  be  plugged  so  as  to  he  fairly 

:'  molten  metal,  it  is  difficull  to  see  how  a  large 

"■  !  le  Bafe  against  such  pressure.    One  would 
Id  run  around  the  door  joint,  solidify,  and 
'    •  door. 

igned  for  brass  melting  and  aimed 

through  stirring  by  rocking;  the  Weeks  fur- 

I  for  zinc,  never  tried  on  brass,  and  when  tried  on 

during  melting. 

gi    fiae  the  charging  door  and  pouring 

bell,  like  the  Detroit  rocking  far- 

the  Booth.     It   follow.  Booth  in 


.'in  try,   M<-i;ii 
■      i  i      Bn       M.  Itli  ■    (pnmphlcl  I 

MO 

I  '  \MI        III     I        M  l]       « 
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carrying  the  current  by  a  sliding  brush  contact  from  motor  brushes 
attached  to  the  leads  to  a  copper  collector  ring,  carried  on  each  end 
of  the  furnace  instead  of  on  rings  attached  to  the  circumference  of 
the  shell  as  in  the  Booth,  thus  avoiding  the  swinging  cables  of  the 
Detroit  furnace,  but  involving  the  use  and  maintenance  of  a  sliding 
contact  for  a  heavy  current,  and  of  a  moving  joint  in  the  water 
connections.  As  in  the  Detroit  and  Booth  furnaces,  graphite  elec- 
trodes were  to  be  used. 

An  American  furnace  was  ordered  by  the  York  Hardware  and 
Brass  Co.,  York,  Pa.,  but  was  never  delivered,  and  the  Weeks  patent, 
on  which  the  design  of  the  American  furnace  was  stated  to  be  based, 
which  had  been  acquired  by  the  American  Metallurgical  Corp.,  was 
next  acquired  by  the  Electric  Furnace  Construction  Co.,  of  Phila- 
delphia, which  stated  in  June,  1921,  that  it  planned  to  put  an  electric 
brass  furnace  on  the  market. 

The  American  furnace  appears  not  to  have  been  constructed  or 
tested,  and  it  is  not  known  whether  the  Electric  Furnace  Construc- 
tion Co.'s  projected  furnace  is  to  follow  the  design  of  the  American 
furnace  or  not. 

MOORE  FUBlsrACE. 

The  "  Moore  Rapid  'Lectromelt  Furnace  "  has  been  advertised  by 
the  Pittsburgh  Electric  Furnace  Corp.,  but  no  detailed  description 
of  the  exact  construction  has  yet  been  given  out,  and  no  commercial 
installations  have  been  made,  though  one  experimental  furnace  is 
said  to  have  been  constructed.  From  the  patent  r'c'n  it  appears  that 
the  furnace  is  of  the  indirect  arc  type,  the  electrodes  being  mounted 
in  ;i  stationary  roof,  the  body  of  the  furnace  being  a  cylinder  set  on 
end  with  its  axis  off  the  vertical.  The  body  is  revolved  or  oscillated 
about  its  axis.  The  revolving  of  the  tilted  furnace  is  to  stir  the 
charge.  Like  the  Vblta  furnace,  this  does  not  wash  the  roof  or  much 
of  the  side  walls  with  molten  metal. 

The  advertisements57  state,  "  Heat  is  transmitted  to  the  charge 
by  distributed  radiation  and  reflection  only.  Arcs  are  struck  between 
the  electrodes  rather  than  against  the  charge.  Segregation  and 
volatilization  are  minimized  by  tumbling  the  charge.  They  u^e 
polyphase  or  single-] >hase  power." 

The  furnace  is  designed  in  260,  500,  1,000,  and  2,000  pound  si/ 
It  is  claimed  to  be  especially  adapted   for  melting  brasses  high  in 
zinc. 

Ifoore,  w.  i:..  r.  s.  Patent  1,378,972,  May  24,  1921. 
Metal    in<!.,   vol.    is.   February.   1920,  advt  p.    l<>:  June,    1920,   p.  in  ;   I'.i.c.   World. 

vol.   7."..   Apr.   24,    1920,  p.  98. 
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REAJRDON  FURNACE. 

ther  rocking  indirect-arc  design  has  been  described  by 

in  which  the  oil  burners  of  a  Schwartz  open-flame  oil 

fui-  replaced  by  electrodes  between  which  an  arc  is 

wii.  and  the  furnace  is  to  be  rocked  mechanically  on  its  trunnions. 

inlon  says   that   the   design    for   the  adaptation  of  the   Schwartz 

fun  lectric  heating  was  begun  in  December,  19i3,  but  no 

<>n  the  performance  of  an  actual    furnace  were  available  in 

•  !  ount  of  the  location  of  electrodes,  charging 

pouru  it,  only  about  half  the  lining  can  be  washed 

;al. 

is  designed  to  take  300  kw.  on  a  1-ton  size,  at  220 

With  as  long  an  arc  a-  220  volts  will  give,  and  with  the  elec- 

■  ther  in  the  location  of  the  burners,  the  treat- 

•f  the  uu  roof  above  the  arc  would  be  severe,  and  re- 

troubl  ted. 

\  of  the  run  bell  is  bul  a  minor  part  of  the  total 

I   u  .  it  would  appear  wiser  to  the  writers  to  use  an 

signed  h  thau  to  attempt  to  make  over  an 

rm  into  an  electric  furna 

VOLTA  FURNACE. 

Although  the  original  gyratn  no  furnace  was  not  applied 

recently  been  resurrected,  the 
fun  ded  with  a  mechanically  simpler  gyrating  device, 

the  furna<  r  till  and  hence  greater  stir- 

the  original    3        ino.     The  furnace  is  a  three-phase,  in- 

rith  the  electrod  apart  and  slightly  tilted 

i  from  the  horizontal.     Provision  is  made  for  changing  the 

•   mucl  done  on   the  side   electrodes  of 

•  It   furna 

•btained  by  mounting  (see  fig.  32)  between 
w  and  tie  in  of  the  furnace  shell,  a  rotatable  ring  ac- 

g  and    resting  on    rollers.     Several 
''••''  rried  by  this  ring,  each  peak  carry- 

underneath   a   track  on   the   bottom  of  the 

tng  a  roller,  which  runs  up  and 

k.  tlui-  preventing  sidewise  motion  of 

^  and  lowers  each 

of  the  fum  i  ib  gii  motion 

■■  «>li  fun  .  ce,  \r  t :ii.  [od,  rol    18,   [920,  i>.  2¥f. 
of   aovel  i  anadiau    Cbem. 
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to  the  whole  furnace.  Pouring  is  done  also  by  use  of  the  motor- 
driven   ring. 

The  motion  of  the  furnace  is  stopped  when  the  spout  is  in  its 
highest  position,  the  tap  hole  is  opened  and  cleaned,  being  then  above 
the  metal  level,  the  ring  is  started  in  motion  and  the  spout  lowered, 
thus  pouring  the  charge. 

The  roof  is  made  in  the  form  of  a  parabola,  so  as  to  reflect  the 
heat  from  the  arc  directly  down  on  the  bath.  It  is  claimed  that 
since  the  three-phase  arc  covers  a  wider  area  than  a  single-phase 
arc  of  equal  kilowatt,  and  the  source  of  heat  is  therefore  not  so  lo- 
calized, that  the  gyrating  motion  gives  sufficient  stirring  to  avoid 
local  overheatine:  of  the  surface  of  the  melt. 


FlGUBB  •".-'. — (gyrating  Stassano-type  furnace  sold  by  Volta  Manufacturing  Co. 

The  charge  is  always  below  the  electrodes  so  that  the  electrodes 
can  not  be  broken  by  the  charge  falling  on  them.  There  is  of  course 
no  gain  in  thermal  efficiency  due  to  cooling  the  roof  to  the  tempera- 
ture of  the  bath,  such  as  La  obtained  in  the  rocking  and  rotating 
furnaces. 

The  furnace  of  a  1-ton  size  was  briefly  tested  at  the  plant  of  the 
Titanium  Bronze  Co.,  Niagara  Falls,  X.  Y.,  ami  it  is  claimed  that 
"as  low  as"  225  kw.  h.  per  ton  of  yellow  brass  and  300  kw.  h.  for 
aluminum  bronze  was  obtained.  These  tigures  do  not  include  any 
preheating  and  are  calculated  for  continuous  24-hour  operation.  The 
metal  loss  is  said  to  have  been  under  1  per  cent;  but  it  is  not  stated 
whether  this  was  on  yellow   brass  or  aluminum  bronze. 

Data  are  lacking  by  which  to  fix  definitely  the  efficiency  of  the 
metal  Li  n  this  furnace.     1 1"  the  stirring  i-  adequate  to  avoid  sur- 

face overheating,  it  would  be  expected  to  show  metal  losses  of  the 
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same  order  as  those  of  the  other  moving  indirect-arc  furnaces.    Its 
;  sumption  per  ton  would  be  higher  than  thai  of  the  furnaces 

in  which  the  lining  is  thoroughly  washed  by  the  metal. 

would  be  useful  in*  localities  where  a  single-phase  arc  load  is 
eptable  to  the  central  station  company,  but  where  a  three- 
arc  load  can  be  handled.  *» 

Igned  in  500  pounds,  125  lew.;  1,000  pounds,  175 

10  kw.  sizes,  and  is  sold  by  the  Volta  Manufacturing 

Ltd.,  W*  Hand.  Ontario.  Canada.    The  electrodes  can  be  adjusted 

by  hand  or  from  th*  aboard  when  motor  control  is  used,  or  the 

fm  mid  be  provided  with  automatic  electrode  control. 

■ation  fun  is  installed  at  the  Fitzgerald  Labora- 

Falls,  N.  Y.  (  hie  furnace  each  of  the  500,  1,000,  and 
laid  to  have  been  ordered,  but  delivery  of  all 
at  of  the  business  depression. 

ROCKING    M1TAI  TIC   RESISTOR  FURNACE   FOR   ZINC. 

era]  Electric  Go.  has  designed  a  three-compart- 

lid  metal,  as  sine,  which  i>  to  be  freed  from 

f  the     intra]  compartment.    Holes  at 

con      rtment  admit  molten  metal  from  the  two  end 

which  is  provided  with  metallic  resistor  heating 

mechanically  i-ocked  hack  and  forth  so  as  to 

1  metal  with  superheated  molten  metal,  thus  melting 

.  but  trapping  the  dross  in  the  charging  compartment. 

tal  may  be  ladled  or  tapped  from  another  part  of  the 

■..■ 

SUMMARY    ON    MOVING    INDIRECT-ARC    FURNACES. 

H  ting  to  note  that  in  addition  to  the  makers  of  the  fur- 

'  "ilt  under  the  Bureau  of  Mines  patents,  seven  other  brass 

in  his  gyrating  resistor  furnace,  Moore 

trie  Furna      I         rotating  furnace,  Booth  in 

r  indin  furnace,  Ryan  in  the  American  rocking  in- 

din  B  anion  in  his  adaptation  of  the  Schwartz  oil 

f"r'  indire  furnace,  and  the  makers  of  the 

i  [i  '■'•■  his  furnace  design— have  taken 

"I'  local  overheating  of  the  surface  of 

i     of  motion  of  the  furnace  while 
commercial  electric  furnace  by 
electric  melting  by  the  Bureau  of 

i  rocking  device  in  his  zinc  Fur- 
to  be  fully  e  tablished.    It 

(21. 
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takes  the  indirect-arc  type  of  furnace  beyond  the  field  to  which  the 
stationary  indirect-arc  furnaces  are  limited,  that  of  alloys  low  in 
zinc,  and  thus  produces  a  furnace  suited  metallurgically  for  use  by 
plants  that  have  to  melt  a  large  variety  of  alloys  in  the  same  furnace, 
showing  not  only  a  low  power  consumption  per  ton  but  low  metal 
losses  on  a  wide  range  of  alloys. 

Due  to  absorption  by  the  moving  charge  before  pouring  of  heat 
stored  in  the  furnace  walls,  the  temperature  of  the  furnace  walls  and 
hence  the  radiation  losses  are  reduced,  and  on  account  of  the  smaller 
heat  storage  in  such  a  furnace  than  in  furnaces  of  the  reflected  heat 
type,  the  moving  indirect-arc  type  can  be  used  on  single-shift  opera- 
tion, without  night  heating,  showing  on  such  operation  materially 
higher  production  and  lower  power  consumption  than  do  the  types 
having  a  high  heat  storage. 

The  moving  indirect-arc  type  is  therefore  suited  especially  for 
use  by  jobbing  foundries,  smelting  and  refining  plants,  and  by 
plants  operating  only  one  shift  per  day.  It  is  somewhat  less  simple 
to  operate  than  stationary  direct  or  indirect  arc  furnaces,  than  the 
reflected  heat  types,  or  than  the  vertical  ring  induction  furnace.  In 
flexibility,  ability  to  operate  on  any  alloy  or  any  number  of  shifts 
per  day,  it  surpasses  all  these  other  types.  It  holds  its  own  on  metal 
losses  with  any  of  the  others  in  the  field  they  can  cover;  in  ability 
to  operate  at  a  low  power  consumption  per  tonT  even  in  small  sizes, 
it  is  surpassed  only  by  the  vertical  ring  induction  type  and  possibly 
by  the  high-frequency  current  type.  Its  lining  life  and  its  electrical 
characteristics  though  not  as  satisfactory  as  those  of  some  of  the 
other  furnaces  are  yet  very  good. 

The  main  advances  to  be  looked  for  in  moving  indirect-arc  fur- 
naces are  in  the  addition  of  devices  for  rapid  mechanical  charging, 
to  which  those  having  the  charging  door  on  the  circumference  of 
the  shell  are  well  adapted,  and  for  automatic  control  of  the  are. 
Advances  in  the  knowledge  and  use  of  better  refractories  for  elec- 
tric furnace  use  will  improve  the  reliability  of  this  as  of  all  other 
types. 

The  principle  of  a  moving  indireet-arc  electric  furnace  for  bn 
has  been  accepted  rapidly  and  widely,  as  may  be  seen  by  the  following 
summary  :  The  first  test  of  such  a  furnace  on  brass  was  in  August,  1915  : 
the  first  semicommercial  test  in  May,  1917;  and  the  first  commercial 
furnace  started  operation  in  August,  1918.  On  August  1,  1921,  LOO 
rocking  or  rotating  furnaces  taking  over  21,000  k\v.  were  in  opera- 
tion at  or  being  installed  in  non ferrous  alloy  plants  in  the  United 
States;  and  half  a  dozen  furnace  makers  or  designers  have  incor- 
porated the  principle  of  moving  an  electric  brass  furnace  while 
operating  it  into  designs  brought  out  since  the  experiments  with 
the  rocking  furnace  were  published. 
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FURNACES  IN  WHICH  THE  METAL  ITSELF  IS  THE  RESISTOR. 

In  order  to  attain  the  highest  thermal  efficiency  in  :ui  electric 

furnace  the  heat  should  be  generated  within  the  charge  itself,  not  at 

•   e  From  the  charge.     As  small  a  part  as  possible  of  the  heat 

ild  be  forced  to  the  walls  or  roof  before  it  is  reflected  hack  to 

■ .  nor  should  it  be  forced  to  pass  through  anything,  like 

a  crucible,  which  would  baffle  the  flow  of  heat. 

This  principle  of  generation  of  heat  within  and  in  contact  with  the 

basic  principle  of  efficient  heating.    It  is  seldom  prac- 

1  in  fuel-tired  furnaces,  though  it  obtains  in  cupolas  and  blast 

fur  efficient  of  the  type.    It  is  more  often  possible  to 

trie  furnace  on  this  principle,  which  is  carried  out 

dl  the  •  iccessful  electric  furnaces.    Such  electric  furnaces  as 

•in  it  d<>  so  only  because  electrical,  metallurgical,  or  struc- 

Ull  it   impractical. 

r  making  graphite,  carborundum,  and  carbon 
ilphidi  heat  in  <>r  within  the  charge  itself.     Calcium 

•    u  alloy  smelting   furnaces  usually  operate4 
:!•(•  buried  in  the  charge  or  with  the  charge  :is  resistor. 

Furnaces  which  use  carbon  electrodes  can  not  he  so 

Pi    •   arc   types  of   furnace,   in   which   at   least   '.>r> 

rld's  output  of  electric  steel  is  melted,  do  the  next 

ng  1  rating  the  heat   directly  in  contact  with,  though 

_re. 

tried  to  make  a  furnace  in  which  a  long,  narrow  channel 

•   odes  was  filled  with  the  material  to  he  melted,  and 

aerated  I >y  the  resistance  of  the  charge  itself.     The 

fur  A  be  operated  even  on  steel,  and  as  the  resistance  of 

-  ;ill"\  i  much  lower  than  that  of  steel,  it  would  be 

even61   more  impractical  on  brass  than  on  steel.    If  an  induction 

fun  acted  l>y  doing  away  with  the  electrodes  and  by  inak- 

the  charge  the  secondary  of  a  transformer,  steel  can  be  melted 

.lion  of  heat  in  the  charge  itself. 
Inasmuch  as  the  induction  furnace  allows  the  generation  of  heat 
in  I  1  itself,  il  might  seem  that  induction  furnaces  would  be 

the  most  logical  type  for  use  on  steeL  However,  there  is  another  factor 
ring  in  to  ai  usefulness — the  usual  basic  principle  of  an 

induction  fun  hown  in  figure  83  and  exemplified  in  the  Colby- 

K  i  Etoechling  Rodenhauser,68  and  other  induction  fur 

•  I  il    [..  147. 

n  of  Oh-  prim  wnlcfa  an  Induction   furnace  operates,  see 

(laser,  o    i!       •  ir.  Am.  Inst.  Mel  I.  11, 

m%  ;--    ::.   L0O1. 

m  H*  .1      iian  .   bj    jom    Baur    Electric   furna 

lo  the  ir 
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naces  demands  that  the  steel  be  contained  in  one  or  more  horizontal 
ring-shaped  troughs,  which  form  the  secondary  circuit.  The  ordi- 
nary induction  furnace  thus  has  a  huge  volume  and  huge  wall  space 
for  a  comparatively  small  metal  capacity,  and  the  electrical  require- 
ments make  the  type  violate  the  second  principle  of  thermal  effi- 
ciency, that  the  furnace  shall  be  as  small  as  possible  for  a  given 
capacity  in  order  to  avoid  thermal  leakage  through  excessive  wall 
area.  For  this  reason  the  thermal  efficiency  is  not  as  good  in  a  steel 
furnace  of  the  horizontal  ring  induction  type  as  in  a  direct-arc  fur- 
nace. Its  main  theoretical  advantage  having  been  thus  overbalanced, 
only  its  avoidance  of  the  use  of  electrodes  remains  to  compare  with 
the  disadvantages  of  inconvenience,  low-power  factor,  and  lower 
slag  temperatures,  which  tend  toward  slower  refining. 


Figlrh  33. — Diagram  of  horizontal  ring  induction  furnace  :  a,  stamped  lining;  h,  crucible; 

c,  primary  coil  ;  d,  core. 

The  induction  furnace  for  steel  melting  in  all  countries  with  the 
possible  exception  of  Germany  has  fallen  back  steadily  till  it  almost 
can  be  classed  as  an  obsolete  type.  The  General  Electric  Co.,  how* 
ever,  has  again  attacked  the  problem  of  the  induction  furnace  for 
steel  and  recently  brought  out  a  new  modification,  which  is  described 
by  Unger  and  Scharschu.64 

HORIZONTAL  RING  INDUCTION  FURNACES  FOR  BRASS. 

Besides  the  disadvantages  which  have  made  the  ordinary  induction 
furnace  of  little  value  for  steel,  there  is  another  which  makes  it  in- 
applicable to  copper,  brass,  or  bronze.  This  is  the  "pinch  effect," 
which  has  been  described  by  Bary C5  and  by  Hering.66 

Briefly  stated,  the  "pinch"  phenomenon  is  due  to  the  fact  that 
currents  flowing  in  the  same  direction  through  parallel  conductors 
attract  each  other.     This  is  the  converse  of  the  principle  of  the  von 

••Unger,  M.,  and  Scharschu,  ('.  A.,  New  type  of  Induction  electric  furnace:  lnm  Age, 
vol.    His,    1021,   p.    M  J. 

66 Bary,  l*.,  I^u  pulveratton  electrique  das  mttaux:  L'  Industrie  electrique  No,  --», 
Apr.  25,  1901,  p.   178. 

•Hering,  C,  A  practical  limitation  <>f  resistance  furnaces,  the  "pinch"  phenomenon: 
Trans.  Am.  Blectrochem,  Boc.,  rol.  n.  l'.><>7.  p.  839;  The  working  limit  in  electrical  fur 
Daces  due  to  the  "  pinch  "  phenomenon:  Trans.  Am.  Blectrochem.  Boc.,  vol.  !•"».  1909,  p 
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Ie«rell  "repelling  arc,11  where  the  fact  thai  currents  flowing  in 

-  te  directions  through  parallel  conductors  repel  each  other  is 

made  to  force  the  electrodes  (which  are  pivoted  so  as  to  be 

fret  ite)  apart  and  start  the  arc.    The  current  flowing  in  a 

i*\e  conductor  also  tends  to  attract  the  parts  of  a  cross  section  of 

that  conductor  one  to  another.    That  is,  a  conductor  through  which  a 

flowing  tends  to  shrink  and  become  more  dense.    Solid  con- 

du(  '  yield  to  this  force.  l>nt  a  liquid  one.  like  mercury  or 

molten  bi  in  do  - 

mductor  has  exactly  the  same  cross  section  throughout,  the 

ire  balanced  and  nothing  happens,  but  if  the  cross 

smaller  at  one  point,  as  can  not  fail  to  be  the  case  in  the 

•  if  an  induction  furnace  through  the  dropping  in,  for  exam - 

'  brick  from  the  roof,  the  forces  no  longer  balance  at 

il 

N        •  v  iter  the  greater  the  current  density,  and  it 

with  the  square  <>f  the  current     At  a  point  of  slightly  smaller 

'he  liquid  t  the  current,  then,  if  great  enough, 

much  force  that  it  actually  constricts  the1  Liquid  as  if  it 

d  in  a  ■<•  -kin  and  a  rubber  band  were  put  about  it. 

the  current  density  gets  higher  and  makes 

till  it  actually  pinches  the  Liquid  off  and 

it.    The  metal  will  then  run  together  again,  but  the 

Lrain  maki  parate.     At  high  current  densities,  as  a 

.  the  metal  can  not  be  kept  together  long  enough  for  sufficient 

power  to  be  supplied  to  keep  it  molten. 

comparatively  high  electrical  resistance  at  tempera- 

bove  their  melting  point-,  such  as  steel,  platinum,  and  nickel 

alloys,  can  be  melted   in  the  induction   furnace,  because  the 

voltage  it   takes  to  overcome  their  resistance  is  high  enough  that 

•OWer  kilo  :an  be  put  into  them  to  melt  them  and  not 

the  current   that  can  be  aged   without   making  the  pinch    force 

that  of  gravity. 
t  with  materials  of  relatively  low  electrical  resistivity  at  their 

copper,  aluminum,  brasfl,  and  bronze,  the  \olt- 

|uired  rcome  their  resistance  is  irery  low.  hence  huge 

uired  t<-  generate  enough  heat  to  melt  them,  since 

l=vol(       impere*     power  factor.    As  the  power  factor 

d  furn  low  the.  current  (amperes)  must  be 

hen  the  voltage  <>r  the  electrical  resistance  is  low.     A-  the 

quare  of  the  current  it  turns  out  that 
copper,  aluminum,  bn         i   i  bronze  are  all  affected  by  the  pinch 

induction  furnace,  and  that  consequently 
mprmcticable,  to  melt  them  in  such  ;> 

fur 
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This  conclusion  does  not  rest  on  theory  alone.  Fitzgerald 67  cites 
a  case  where  aluminum  could  be  just  melted  but  not  superheated  at 
all  because  of  the  rupturing  of  the  ring  by  the  pinch  force.  By  work- 
ing with  an  extremely  shallow  ring  of  steel  so  that  the  force  of  grav- 
ity was  not  enough  to  overcome  the  pinch  force,  the  phenomenon 
was  duplicated  with  steel. 

SPENCER   FURNACE. 

The  same  phenomenon  was  noted  in  an  attempt  to  melt  brass  in 
a  small  laboratory  induction  furnace  at  the  Massachusetts  Institute 
of  Technology,  and  in  a  test  made  at  the  Pierce  Arrow  Motor  Car 
Co.  several  years  ago  in  a  furnace  built  by  Mr.  E.  B.  Spencer  it 
was  found  that  on  nonferrous  alloys  of  high  conductivity  the  pinch 
effect  was  so  great  as  to  make  the  regular  type  of  induction  furnace 
impractical.  The  American  Brass  Co.  had  a  similar  experience  in 
a  trial  of  an  induction  furnace  on  brass. 

HARDEN   FURNACE. 

Harden68  suggests  that  for  melting  brass  and  aluminum  the  hori- 
zontal ring  induction  furnace  should  be  built  with  a  conducting  ring- 
shaped  crucible,  as  of  fire-clay  graphite  mixture,  to  hold  the  metal, 
with  the  idea  that  by  generating  a  large  proportion  of  the  power 
in  the  crucible  the  current  density  at  which  the  pinch  force  starts 
to  give  trouble  may  not  be  exceeded. 

GEHRKENS  FURNACE. 

Gehrkens  °9  also  suggests  avoiding  pinch-effect  troubles  on  a  hori- 
zontal ring  induction  furnace  for  brass  or  aluminum  by  having  a 
conducting  secondary  other  than  the  charge  itself  as  a  permanent 
part  of  the  furnace. 

SOLOMON  FURNACE. 

Solomon70  patents  a  horizontal  ring  induction  furnace  in  which 
the  metal  is  contained  in  an  annular  crucible  that  can  be  removed 
to  pour.  The  crucible  would  be  excessively  fragile,  and  the  furnace 
was  not  designed  especially  for  brass  melting. 

GREENE  FURNACE. 

Greene71  patents  a  horizontal  ring  induction  furnace  designed 
for  melting  copper,  brass,  bronze,  and  aluminum,  in  which  the  pri- 
mary circuit  is  brought  into  the  refractory  lining  close  to  the  second- 
ary, which  is  made  up  of  the  material  to  be  heated.  The  primary 
is  made  a  resistor,  and  the  heat  generated  in  it  is  transmitted  through 

"Fitzgerald,  r.  a.  J..  Discussion,  Trails.  Am.  Electrocbem.  Bee,  vol.  15,  1909,  p.  87a 
68  Harden.  I.,  B.  B.  Patent  977,303,  Nov.  29,   1910, 

■  arkens,  i:.  i  ..  a  ilgu  i  to  Ge»  raJ  BUectrk  <",,.,  U,  B.  Patenl  1,011,799,  Doe,  12,  101 1. 
"Solomon,  n.  <;..  r.  S.  Patenl   1,081.164,  Dec.  !>.  1918, 
"Greene,  A.  ]■:.,  r.  s.  Patent  1,078.619,  Nor.  18,  L918, 
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the  refractory  Lining  to  the  hearth  or  secondary.     Both  primary  and 
secondary  thus  are  to  be  sources  of  heat.    This  principle  practically 

amount-  to  an  attempt  to  run  a  brass  furnace  with  a  metallic  resistor, 

the  primary,  a&  One  of  the  main  sources  of  heat.     No  metallic  resistor 

suitable   physical    properties   is   available   at   a    price   that    would 

allow  it  to  he  used  in  a  commercial  brass  furnace.     The  furnace  does 

p  to  have  been  constructed  or  tested. 

KJELLIN   FURNACE. 

fflrlands™  cites  a  test  on  brass  of  a  Kjellin  furnace  provided 
with  a  conducting  crucible  in  which  the  pinch  effect  was  overcome. 
11.  that   in  a  three-phase   furnace  without  a  conducting 

•  ch   effect    was   less   intense   than   in   a  single-phase. 
I   to  have  been   melted    in   the  three-phase  furnace  at 

ton,  a   very  low  figure. 
\  that   tests  were  to  be  made  at  Sheffield 

■  son  of  melting  brass,  bronze,  and  German 

ind-in  a  Kjellin  induction  furnace;  but.  as  no  report 

been  made  other  than  that  by  Rowlands,  above 

assumed  thai  the  operation  of  the  furnace  on  those 

:  ■•tic;il. 
ROECHLING-RODENHAUSER  TYPE. 

■    Smelting  and   Rolling  Co.   tried  several 

an  induction  furnace  of  the  Roechling-Rodenhauser 

»r  making  brass,  the  idea  being  to  run  in  molten  copper  from 

I  fun,  Id  /inc.  and  put  in  enough  power  to  hold  the 

•  pouring.     The  main  purpose  was  to  make  a  heated 
BMB           ther  than  a  melting  furnace.     It   was  thought  that  so  little 

I  would  hav<    to  be  added  that  enough  power  could  be  put  in 

without  the  curn-nt  density  exceeding  that  which  would  cause  rup- 

Variou-  troubles  with  the  furnace  caused  the  abandonment  of 

i  before  the  experiments  had  gone  far-  enough  to  show  whether 

pinch  force  would  make  the  furnace  inoperable. 

Vbm  Baurf<    i      that  1m*  ha-  been  told  that  brass  1ms  been  melted 
:hling  I.    .,<i  and  Stahlwerke,  in  a  three-phase  Roechling- 

lenhaiiser  furnace,  u-in;_r  pole   plates/8   without   interference   from 
pinch  troubli 

r  hand.  Dr.  K.  (..  Prank,  formerly  American  agent  for 
ind   llablo-.  in  response  to  an  inquiry,  informed  one  of 

:■..::  .   \ih.  Blectrochem.  Boa,  roL  it,  1910, 

of  nonferrotui  metallurgy  .-it  BbefleM  Dalrer  \tj,  Efing.  Bupp. 

•  in.  [ad  .   ,.,i.  29,  1910,  p.   1254. 
I  <  nmmnnlcal  Ion. 

•  in   i;;iur.  c.   ii.,  Electric  tot 
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the  writers  in  1915  that  the  induction  furnace  then  being  made  by 
Siemens  and  Halske  as  a  combination  of  the  Roechling-Rodenhauser, 
Frick,  and  Kjellin  induction  furnaces,  was  not  deemed  suitable  for 
brass  because  of  troubles  from  the  pinch  force.  This  statement  ap- 
pears to  cover  the  present  situation  of  the  horizontal  ring  induction 
furnace. 

HOWARD   FURNACE. 

Howard  76  suggests  a  furnace  designed  for  melting  copper,  rjrass, 
and  aluminum,  in  which  a  shallow  bath  of  metal  forms  part  of  the 
secondary  of  an  induction  furnace,  the  rest  of  the  secondary  being  a 
heavy  U  of  conducting  material,  as  of  copper,  placed  below  the 
bath,  each  leg  of  the  U  having  a  tip  of  graphite  or  of  water-cooled 
steel  which  makes  contact  with  the  bath.  The  loss  of  heat  in  such  a 
solid  portion  of  the  secondary  would  be  terrific,  and  it  is  very  doubt- 
ful if  a  furnace  so  constructed  could  be  made  to  operate  at  all. 

HERING  FURNACE. 

Having  discovered  that  the  pinch  force  spoiled  all  possibility  of 
the  ordinary  induction  furnace  being  made  to  operate  on  brass, 
Hering  set  to  work  to  tame  this  force  and  to  utilize  it  in  the  con- 
struction of  a  brass  furnace.  By  opposing  the  pinch  force  with  a 
sufficient  hydraulic  head  of  molten  metal,  it  is  obvious  that  the  metal 
can  be  kept  from  rupturing.  Hering  found  that  not  only  was  this 
the  case,  but  that  if  the  bottom  of  the  tube  containing  the  molten 
resistor  was  closed  by  a  solid  material,  the  pinch  force  caused  the 
tube  to  act  as  a  pump,  drawing  cool  molten  metal  down  the  outside 
of  the  tube,  heating  it  by  its  own  resistance,  and  ejecting  it  up  the 
center  of  the  tube.  This  squirting  action  produces  a  little  fountain 
of  molten  metal  that  is  continually  taking  in  cool  metal  and  throw- 
ing out  hotter  metal.  All  the  heating  is  done  in  the  tube,  but  it  is 
possible  to  heat  up  a  large  volume  of  metal  because  of  the  circula- 
tion. 

The  Hering  furnace  has  been  fully  described  in  the  literature.77 

"Howard,  I..  I-:..  I".  s.  Patent  1,076,887,  Oct.  28,  1913. 

"  Bering,  C,  0.  s.  Patents  988,930,  Apr.  9,  1911;  999,720,  Aug.  1.  1014  ;  1,105,656, 
Aug.  4,  1914;  A  new  type  of  electric  furnace:  Trans.  Am.  Electroehem.  Soc.,  vol.  19, 
1911,  p.  255;  Electric  furnaces  for,  molten  materials:  Met  and  Chem.  Eng.,  vol.  9,  1911, 
p.  371;  [deals  and  limitations  in  the  melting  of  nonfBrrous  mfetals :  Jour.  Inst.  Metals 
( I'.ritish),  vol.  17,  1907.  p.  243  ;  Advantage!  Of  a  small   highspeed  electric  furnace:    Met. 

ami  Chem.  Eng.,  vol.  11,  1913,  p.  133;  Possible  redaction  in  the  power  consumption  in 
electric  steel-refining  furnaces:  Met.  and  Chem.  Eng.,  vol.  :t.  1911,  p.  590;  Clainer,  <;.  H., 
The  Hering  electric  furnace  for  commercial  brass  melting:  Trans.  An.  Inst  Metals,  vol. 
7.  1913,  p.  350;  ('lamer.  <;.   II..  and   Bering,  <'.,   Electric  brass   melting:   Trans.   Am.    Inst. 

Metals,  vol.  8,  1914,  p.  270 ;  The  electric  furnace  for  brass  melting:  Trans.   Am,   Inst. 

Metals,  vol.  9,  1912,  p.  95;  I. yon,  I).  A.,  und  Keeney.  K.  M.,   Ide.tric  furnaces   l"..r  making 

iron  and  steei ;  Bull.  87,  Bureau  of  Mines,  1913,  p.  87;  see  also  Elektrochemlsche  Werke, 
man  Patent  809,973  of  Dec.  B,  1910. 
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\ftiT  development  on  a  laboratory  scale,  the  furnace  was  built 

on  a  commercial  scale,  with  a  total  capacity  of  about  L,500  pounds. 

of  which  500  to  T^1  pounds  was  retained  from  one  heat   to  another. 

Furnaces  were  tried  out  by  the  National  Cash   Register  Co.,  the 

Manufacturing  Co.,  and  the  Ajax  Metal  Co.    The  first  of 

e  large   furnaces,  that   at  the  National  Cash   Register  Co..  was 

I  out  on  April  80,  L914,  one  of  the  writers  being  present.    There 

appeared    various    transformer    and    other   troubles    incident    to    the 

.  e  furnace  pf  a  new  type  previously  operated  only  in 


■ ;      P  .11  iad  elevation  <»f  1 1 < - 1  i 1 1  —  reatotance  furnace, 

a  much  -mailer  o  t  lint  the  furnace  could  not  be  made  to  melt 

•  time.    Scone  further  work  was  done  with  it,  but  it  did 

v  oommerciaJ  melting. 

'  it  the  plant  of  the  Scoville  Manufacturing  Co.  melted 

ood  deal  of  metal,  hut  warn  finally  discarded.    The  results  of  the 

plant  are  not  available,  save  that  the  metal  loss  on  yellow 

I'll  under  2  per  cent,  and  a  Loss  of  one-half  of  l  per  cent 

-  unable. 

.i  the  Aj.,\  Metal  Co.,  shows  in  figure  :>>l  and  Plate 

XXI.  A'.  (  pei  ,i.  d  commercially  for  some  time.     One  of 

i   in   December,  L91  1,  while  thifl  furnace  was  in 

<i..    The  furnace  was  Imilt  m  the  shell  of  b  Schwartz  open 
bich  wm  approximately  spherical  and  about  6  feet 
]  about  18  inches  thick  and  consisted  of 

brick  v.  iti,  a'  mimed  lining  of  high  temperature  a  besto 

much  i   tubes  can  not  operate  unless  they 
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tire  filled  with  molten  metal,  the  furnace  must  be  started  by  pouring 
in  enough  molten  metal  to  fill  the  tubes  and  provide  also  sufficient 
hydraulic  head  to  oppose  successful^  the  pinch  force.  In  order  to 
preheat  the  empty  furnace  when  starting  up,  and  to  prevent  freez- 
ing to  the  starting  charge  of  molten  metal,  the  oil  burners  of  the 
Schwartz  furnace  were  left  in  place. 

Inasmuch  as  the  available  power  supply  was  two-phase,  four-wire, 
four-resistor  tubes  were  provided.  These  tubes  were  placed  vertically 
in  the  bottom  of  the  furnace  and  were  formed  by  putting  tubes  made 
of  the  regular  crucible  mixture  of  graphite  bonded  with  fire  clay  in 
place  and  ramming  up  the  bottom  around  them.  The  electrodes 
themselves  were  heavy  copper  blocks  set  at  the  bottoms  of  the  re- 
si-tor  tubes  and  were  arranged  to  be  water-cooled  by  a  copious  water 
supply.  The  electrodes  were  approximately  5  inches  thick,  and  were 
in  contact  with  the  molten  charge  in  the  tubes  above  and  with  the 
cooling  water  below.  The  flow  of  cooling  water  had  to  be  kept  up 
in  sufficient  volume  to  prevent  the  copper  blocks  from  melting  into 
the  charge,  so  that  the  molten  charge  could  not  run  down  into  the 
water  and  produce  a  disastrous  explosion. 

It  is  obvious  that  a  fin  of  metal  entering  a  crack  in  the  bottom  of 
the  hearth  and  extending  from  one  electrode  to  another  in  the  same 
phase  would  bridge  across  between  the  electrodes  and  short-circuit 
the  current  out  of  its  proper  path.  The  graphite  fire-clay  tubes  were 
used  to  prevent  this  contingency,  as  they  were  less  liable  to  crack 
than  the  lining  itself.  The  whole  bottom  could  not  well  be  rammed 
up  of  crucible  mixture,  as  it  would  itself  conduct  the  current  and 
would  be  likely  to  short-circuit  it. 

The  cylindrical  resistor  tubes  shown  in  figure  34,  which  were 
originally  used,  had  been  replaced  at  the  time  of  the  test  by  funnel- 
shaped  resistors  1£  inches  diameter  for  the  first  2J  inches  from  the 
electrode  and  then  flaring  up  from  1|  inches  diameter  to  2J  inches  di- 
ameter at  the  hearth,  which  was  12  inches  from  the  electrodes.  These 
tubes  allowed  a  freer  circulation  of  metal  than  plain  cylindrical  tubes. 

As  only  an  extremely  low  voltage  is  required  or  can  be  used,  the 
current  carried  is  very  heavy.  The  voltage  drop  per  resistor  tube  was 
around  3  volts,  the  amperes  per  phase  being  around  11,000.  It  is  on 
account  of  the  high  current  and  low  voltage  required  that  carbon  or 
graphite  electrodes  could  not  be  used;  had  they  been  used,  their  re- 
sistance would  have  been  so  great  in  comparison  to  the  resistance 
of  the  resistor  that  the  heat  would  have  been  generated  mainly  in 
them  instead  of  in  the  tubes.  The  water-cooled  copper  electrodes 
were  therefore  inevitable. 

These  heavy  currents  made  it  imperative  for  th<i  leads  from  the 
low  voltage  t  rausfonner  to  be  very  short  in  order  to  avoid  heat  lo 
in  them  and  to  avoid  a  low  power  factor.     The  transformer   was 
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therefore  built  integral  with  the  furnace,  being  attached  to  the 
bottom  of  the  furnace  shell,  and  tilting  with  it  when  the  furnace  was 
tilted  to  pour. 

The  transformers  wore  designed  for  a  total  power  input  of  120 
kw..  but  could  not  be  operated  at  more  than  loo  kw.  without  danger- 
heating,  even  though  they  were  regularly  air  cooled  by  blowing 
air  on  them  by  electric  fans.     The  joints  or  connections  in  the  sec- 
ondary circuit   between  transformer  terminals  and  the  heavy   leads 
to  the  electrodes  had  to  be  packed  with  waste,  and  tin4  waste 
t!i  water  every  15  minutes  to  prevent  overheating  of  the  joints. 
of  th»'  transformer  difficulties  might  have  been  reduced  by  fur- 
th.  the  design  of  a  transformer  for  such  low  volt- 

ad  high  currents,  where  lightness  is  desirable  and  where  a 
factor  is  needed,  is  a  difficult  problem.    The  transformer 
llv  one  of  the  weals  points  in  a  furnace  of  this  design. 

t  the  furnace  had  been  operated  for  two  full  days,  24 

Hid  was  therefore  fully  heated  up.    The  material  melted 

in  I  manganese  bronze  ingot,  containing 

.  the  [ngotfi   weighing  about  :'><)  pounds  each. 
held  about   1,500  pounds  of  metal,  hut  only  about  i',-2:> 
'  idleful.  was  poured  at  a  time,  the  resl  being  retained 
nd  aluminum  to  bring  the  ingot  to  the  desired 
e  added  in  the  ladle. 

around  625  pounds  and  2  heats  of  around  300 

rands  total,  including  ladle  additions,  were  melted 

minutes,  continuous  running,  the  output  thus  being 

-   per  hour.     The  power  used    was   1,797  kw.  h.,  at 

a.  h.  per  ion.  the  metal  being  poured  at  an  average 

"f  :  '  I '•).    The  average  power  input  was  93  kw.    The 

5    percent. 

run  of  manganese  bronze  ingots  25,257  pounds  of  clean 

ged  and  24,479  pounds  of  metal  obtained.    The  skim- 

Inil  •-  ",J  128  pounds  of  recoverable  metal.    The  gross  loss  was 

7  3  per  cent,  and  the  net  loss  350  pounds,  or  1.42 

Che  fun  ice  had  been  given  a  new  rammed-up  asbestos 

■""•  Hii    ran,  and  there  was  doubtless  some  soakage  into  the 

on  of  the  metal  in  the  tubes  was  very  rapid:  when  the 

after  pouring,  the  Burface  of  the  molten  metal 
'"  Ul]"  lecidedly  raised  through  the  ejection  of  a  stream 

•!"-  end  of  :.  pyrometer  with  B  Small  tip  on  the 

?"  the  >r  tubes,  the  temperature  of  the 

•■•    U  i    Bantu  of  Mina  tot  1916:    Bull    I  n   Bn 
of  Hi 
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stream  of  molten  metal  coming  out  of  the  center  of  the  tube  was 
found  to  be  only  about  20°  C.  (35°  F.)  higher  than  that  of  the  body 
of  the  melt. 

After  the  run  on  manganese  bronze  ingot,  the  furnace  was  operated 
on  "  irony  brass  "  during  the  visit  of  one  of  the  writers.  A  bath  of 
yellow  brass  was  melted  and  then  a  charge  was  fed  in  consisting  of 
yellow  brass  that  could  not  be  readily  separated  from  the  iron  it  con- 
tained. The  charge  included  old  alarm  clocks  Avith  some  brass  wheels 
on  steel  axles,  steel  shotgun  shells  with  brass  heads,  and  flexible 
tubing  with  a  steel  inside  and  brass  outside,  which  would  normally 
be  fed  to  a  cupola  and  only  the  copper  recovered. 

The  charge  usually  floated  on  the  surface  of  the  melt,  and  as  soon  as 
the  brass  had  melted  the  iron  and  dirt  was  rabbled  or  skimmed  out. 
Aside  from  dirt  the  charge  was  probably  TO  per  cent  iron,  which  was, 
of  course,  heated  up  as  well  as  the  brass,  and  only  about  30  per  cent 
brass.  This  material  had  to  be  charged  and  the  iron  taken  out  con- 
tinually ;  therefore  the  furnace  could  not  be  tightly  closed,  as  it  had 
been  on  the  manganese  bronze  run,  and  the  cover  was  open  most  of  the 
time.    Some  zinc  was  thus  lost  by  volatilization. 

It  took  about  2 -J  hours  to  melt  550  pounds  of  brass  off  of,  say,  1,000 
pounds  of  iron.  The  power  consumption  was  about  800  kw.  h.  per  ton 
of  brass  poured  or  275  kw.  h.  per  ton  of  junk  charged.  The  tempera- 
ture was  kept  dowii  to  about  1,010°  C.  (1,850°  F.)  to  minimize  the 
solution  of  iron.  The  metal  obtained  contained  nearly  all  the  zinc  of 
the  original  brass,  and  though  it  contained  some  dissolved  iron,  it  was 
worth  much  more  than  the  copper  obtained  by  cupola  melting  would 
have  been  worth. 

The  power  consumption  in  the  manganese  bronze  run  on  24-hour 
operation  of  about  400  kw.  h.  per  ton,  on  an  alloy  heated  only  to 
1,850°  F.j  was  not  as  good  as  might  be  expected  from  a  furnace  gen- 
erating heat  within  the  metal  itself,  so  that  it  was  desirable  to  find  out 
where  the  lost  heat  was  escaping.  There  was  no  excessive  loss  of  heat 
through  the  furnace  walls,  as  the  hand  could  be  held  on  the  shell  after 
a  week's  steady  operation.  The  furnace  had  been  in  steady  operation 
for  several  days  when  the  test  was  made,  therefore  no  heat  could  be 
applied  to  heat  storage  in  the  walls.  The  only  avenues  for  large  loss 
were  from  the  transformer  and  the  electrodes. 

It  was  necessary  to  keep  a  couple  of  electric  fans  blowing  on  the 
transformers  and  to  keep  wet  waste  on  the  connect  ions  between  trans- 
former taps  and  leads;  a  notable  loss,  which  could  not  be  measured, 
was  evidently  going  on  there.  The  greate-l  loss  was  in  the  cooling 
of  the  copper  electrodes  to  keep  them  from  melting. 

By  measuring  the  rate  of  How  of  the  electrode-cooling  water  and 
by  taking  the  temperature  of  the  incoming  and  outflowing  water, 
it  was  found  that,  with  the  furnace  operating  at  a  little  under  100 
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lvU  >w.— m«>.;»  pounds  water  per  minute,  at  24     F.  temperature 

—and  48J  kw. — 93.6  pounds  water  per  minute,  at  29J°  F.  tem- 
perature rise— or  an  average  of  about  \!\  kw.,  was  lost  in  the  elec- 
le-cooling  water.    A-  several  kilowatt-  were  evidently  lost  in  the 
transformer,  at  least  naif  the  p  >wer  supplied  was  used  in  heating  air 
ami  water  required  to  keep  transformer  and  electrodes  in  operation, 
the  other  half  to  heat  the  bras-  and  the  furnace. 
furnace  melted  L50  pounds  per  hour.    At  the  theoretical  figure 
Clamerand  Hering"  for  melting  2 :1  brass,  6.9  kw.  h.  per  100 
pounds,  the  power  usefully  applied  to  melting  brass  was  31  kw.    The 
heat  balance  then  was  evidently  about  as  follows: 

T  on  k  61.     //<  nt  balance  of  Bering  furnace. 

ation  «>f  heat.  Kw- 

y  employed  in  melting 31 

Hng  electrodes       47$ 

ansformer  ami  leads,  approximately r>A 

a  from  furnace  shell,  approximately 16 


Li 

\;        i      made  many  atten    I    to  improve  the  electrodes. 

61     tried  to  no  avail.     EiForts 

utilize  an  electrode  of  higher  melting  point  to 

Attempts  were  made  to  use  steel  elec- 

soluble  in  brass,  the  tips  being  welded  on  or  east 

a£  a  tip  dissolved  somewhat  in  the  bath. 

d  did  not.  hut  gave  trouble  from  cracking.    The  nearest 

approach  I  electrode  was  a  tubular  steel  electrode 

_     iphite  tip.  hut  it  did  not  last  long,  as  the  brass  soon  worked 

phito.     Even  with  this  change,  "25  per  cent  of  the 

plied  t  in  the  cooling  water  and  the  best  figures  on 

pov  motion    were  :>,'>"  to  885  kw.  li.   per  ton  on   continuous 

I  oil    Continual    trouble   was   met    through   cracking  of  the 

furnace  bottom  and  the  seeping-in  of  metal,  forming  fins  that  sooner 

or  later  -'•  i cuited  the  electrode 

After  1 ' » 1 1 lt  and  patient  experimental  work  the  Bering  furnace  was 

by  the  National  Cash   B  fche  Scoville  Manu- 

the  Aj;t\  Metal  <<>..  and  has  not  since  been  tried 

St  ic  furnace  ^m/ire-ted  for  braes  melting 

03  mercial  use  bad  such  i  thorough  trial  as  the 

I  [ariii 

ood  to  contemplate  tie-  test  of  ;•  modification 
of  his  fur-  i;illv  I'm-  Bteel,  in  which  the  furnace  is 

e  for  bran  melting  i  Trasa.  Am. 
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to  have  two  hearths  connected  by  a  refractory  wall  in  which  is  pro- 
vided a  hole  connecting  the  hearths,  the  molten  metal  in  this  hole 
acting  as  the  resistor.  The  low-voltage  current  is  to  be  led  into  each 
hearth  by  many  relatively  small  wires  or  rods — of  iron  for  a  steel 
furnace,  of  copper  for  a  brass  furnace.  Whether  thus  subdividing 
the  electrodes  and  embedding  them  in  the  refractory  end  walls  of  the 
furnace  will  allow  operation  without  excessive  heat  loss  can  only  be 
determined  by  trial. 

Quesneau  80  has  suggested  a  furnace  in  which  the  pinch  effect  was 
allowed  to  make  and  break  the  circuit  continually  in  a  resistor  tube, 
the  heating  being  done  either  wholly  by  the  resistance  heating  in  the 
tube  or  by  having  such  a  tube  in  the  same  circuit  with  an  arc  in  order 
to  stir  the  charge.  These  furnaces  unquestionably  never  ran.  for  all 
experience  shows  that  a  furnace  in  which  the  pinch  force  is  causing 
continual  disruption  of  the  current  refuses  to  take  enough  power  to 
do  work  and  becomes  inoperable :  moreover,  it  is  entirely  out  of  the 
question  to  combine  an  arc  and  a  pinch-effect  resistor  in  the  same 
circuit,  as  the  current  and  voltage  requirements  of  the  two  are  widely 
different. 

If  some  form  of  the  pinch  effect  on  a  separate  circuit  could  be 
utilized  as  an  electromagnetic  pump,  not  primarily  as  a  source  of 
heat,  to  stir  the  metal  in  a  direct  or  indirect  arc  furnace,  it  might 
serve  to  decrease  surface  overheating;  but  no  satisfactory  form  has 
been  suggested,  and  other  means  of  stirring  appear  cheaper  and 
more  convenient. 

The  main  trouble  with  the  Hering  furnace,  then,  lies  in  the  use 
of  solid  electrodes  which  have  to  be  water-cooled  to  keep  them  solid 
and,  in  this  water-cooling,  use  too  much  power.  The  next  step  obvi- 
ously is  to  eliminate  the  electrodes  by  joining  two  resistor  tubes  to- 
gether and  by  making  them  form  the  secondary  of  an  induction  fur- 
nace with  the  metal  in  the  hearth,  but  retaining  the  use  of  the 
hydraulic  head  of  the  molten  charge  to  oppose  the  pinch  force  and 
prevent  rupture. 

This  suggested  change  brings  the  design  to  that  of  a  vertical  ring 
induction  furnace  that  may  be  visualized  by  thinking  of  a  signet 
ring  with  the  signet  held  uppermost.  The  signet  represents  the  body 
or  hearth  of  the  furnace,  which  contains  the  bulk  of  the  charire.  while 
the  circlet  of  the  ring  forms  the  resistor  loop  or  secondary  of  the 
induction  furnace.  The  loop  may.  of  course,  he  at  any  angle  or  of 
any  shape  as  long  as  it  is  below  the  body  of  the  bath,  that  hydraulic 
head  may  oppose  the  pinch  force. 

QuesnepD,  A.  I..  J.,  v.  s.  Pat,  948,343,  Feb.  8,  1910.     A  new  electric  steel  farnaee, 
Trans.  Am.  Electrochem.  Boc.,  vol.   17.   1910,  p.  131. 
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VERTICAL  RING  INDUCTION  FURNACE. 

Various  forms  of  vertical  ring  induction  furnaces  have  been  sug- 
gested, and  a  few  of  them  tried  out,  for  melting-steel,  or  for  use  in  the 

hearth  of  a    furnace   for  ere   reduction,   but  melting  brass   in   them 

not  suggested  when  they  were  brought  out.    Schneider81  first 
ribed  a  furnace  of  this  type,  the  patent  description  being  fairly 
pk  and  closely  allied  to  later  successful  forms  of  this  type.    The 
Schneider  furnace  was  built  ami  tested  at  the  Creusot  works  in  Prance 
in  a  rather  more  complicated  form.     (iuillets-  states  that  the  circu- 
lation in  the  inclined  resistor  channels  of  the  Schneider  furnace  was 
rapid  and  ascribes  it  to  the  difference  in  density  between  hot 
ml.      The  writers  have  experimented  with  copper  and 
•ntained  in  tubular  containers  like  those  of  the  IIerin<4  furnace, 
iily  heated  at  the  bottom  and  comparatively  cool  at  the  top.     The 
outside  the  containers  and  not  in  the  metal  itself 
be  pinch  effect  and  to  leave  only  the  thermal  circu- 
nld  hardly  be  noted  and  was  not  in  the  least 
lent    motion    in  a   resistor  in   which  the   pinch 
plain  tli  it  circulation  due  to  pinch  force  was 
oeidcr  furnace,  though  it  was  not  recog- 

US  such  at   the  tunc.     The   idea   that  circulation   was  caused   by 

ensit)  was  taken  up  by. Gm,*3  who  designed  a  fur- 
Schneider,  in  which  two  healths  were 
the  metal  level,  but  it  does  not  appear  to 
ha-.  .  namercia]  success.    There  have  been  some 

I    of  tiii-  type  for  steel  melting,  since  a  Saladin- 
imoriLr  induction  furnaces,  presumably  operating 

■f  ••!•  niij  \>>  a  re<ent  article  by  lv-<ard/! 

Schneider  patente  for  the  United  States  have 
by  iic-   \|i\  Metal  ( '<>. 

Wallin     and  to  Viereinigte  chemisch-metallur- 
metaL  graphische  Laboratories 8a  describe  modifications 
*fi  bul  do  not  appear  to  have  been  brought  to 

applical  ion. 

if/i   of   vertical    rin<r   induction    furnace   in 
<h  part  of  the  ting  may  be  ;,  solid  or  liquid  conductor,  the  fur 

:.   1004;  768,880,  June  ill,  1904;  Clnr.h  ., 
Induction   furnace :  Jour.  Am.   in  i.   .\i<  tali  .   \"i.    1 1,    r.irr 

•  illkjups,   1906    p.  7o. 

trometaUurgy  "r  the  raw  nptala,    i  n 

:  circulating    Gin    f iirnru-.-    for    the    electric 

909,  p.  201 
for  making    Leal,  a.  I'electridte,  Dec  18,  L910, 

i    1907,  -i j.j/l i<  .-i t  i'.n  Oct  '■),  1904. 
:  metallo  be  Laboratories,  Q.  m.  i).  h., 

ppllcatton  N«v.  27,  1907. 
i  ilj    1",   1906  .  359,1  J  hi  v  2,  1907. 
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nace  being  designed  for  smelting  zinc.  Copper  is  mentioned  as  the 
material  of  the  solid  conductor,  but  it  would  be  dissolved  by  molten 
zinc  in  contact  with  it. 

Crafts 88  described  a  somewhat  similar  design.  Neither  the  Snyder 
nor  Crafts  induction  furnaces  were  designed  for  brass  melting  nor  do 
they  appear  to  have  gotten  to  the  commercial  stage. 

FOLEY  FURNACE. 

A  single-phase  vertical-ring  induction  furnace,  intended  for  brass 
melting,  was  built  by  C.  B.  Foley89  at  the  plant  of  the  National  Cash 
Register  Co.  in  1913-14,  and  the  first  attempt  at  running  it  was 
made  on  January  20,  1914,  in  the  presence  of  one  of  the  writers. 

The  furnace  consisted  of  a  hearth  5  inches  wide,  14  inches  long, 
10  inches  deep.  Connecting  with  each  end  of  the  hearth  was  a  seg- 
ment, about  260°,  of  a  circle  of  about  18  inches  diameter.  This  seg- 
ment had  a  circular  cross  section  of  2  inches  diameter.  To  pro- 
vide a  conducting  secondary  to  start  the  furnace  a  copper  ring,  1 
inch  in  cross-sectional  diameter,  was  placed  inside  a  wooden  ring, 
the  outside  diameter  of  whose  cross  section  was  2  inches.  This 
wooden  ring  was  rammed  up  inside  the  furnace  to  form  the  second- 
ary tube.  The  lining  of  bonded  magnesite  was  rammed  up  inside 
the  furnace  shell  above  this  wooden  form  and  about  another  one  in 
contact  with  the  first  to  form  the  hearth.  After  the  magnesite  had 
dried  the  hearth  form  was  removed,  and  the  current  turned  on  to  heat 
the  copper  ring  and  to  char  the  wood  of  the  resistor  form ;  then  an  air 
blast  was  turned  onto  the  wood  and  the  wood  burned  and  blown  out, 
leaving  the  1-inch  diameter  copper  ring  loosely  hanging  in  the  2-inch 
diameter  secondary  loop.  One  leg  of  the  rectangular,  laminated  core 
on  which  the  primary  coils  were  wound  passed  through  a  hole  in 
the  center  of  the  furnace,  thus  being  within  the  resistor  loop. 

The  first  thing  to  find  out  about  this  type  of  furnace  was  whether 
there  would  be  the  same  sort  of  circulation  in  the  Foley  resistor  loop 
as  in  the  Hering  resistor  tubes.  Hitchcock00  had  stated  that  in  order 
to  get  a  circulation  due  to  the  pinch  force  then'  must  be  a  solid  cm! 
in  such  a  resistor,  and  Hering91  had  said  that  in  a  single  resistor 
tube  with  two  outlets  there  would  be  a  squirting  of  the  metal  from 
both  ends  of  the  tube,  but  a  stagnant  place  in  the  tube  ,%  where  the 
metal  would  not  be  circulating,  and  hence  would  immediately  oxer- 
heat  and  vaporize." 

In  order  to  test  this  statement  and  to  get  some  information  out 
of  the  furnace  before  running  the  risk  of  spoiling  it  by  trying  to  use 

rafts,  w.  N..  r.  s.  Patents,  l.or,o.9L>.°,.   1,069,924,  bet   12,   1918;    1,070,017,   Aug. 
12,  1913. 

Foley,  C.  B.f  English  Pa  ten  1  11  1,853  of  Apr.  13,  1918. 
«  Hitchcock,  II.  K..  Discussion,  Trans.  Am.  HBectrochenl  Boc.,  v-.i.  19,   1911;  p.  987. 

Ui  Hering,    ('..    Discussion,    Trans.    Am.    Electrocbem.    s>><\.    \..i.     19,    1911,    p.    269. 
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it  on  brass,  it  was  decided  to  run  on  Lead  and  to  see  whether  the  cir- 
culation desired  was  obtained.  So  the  copper  ring  was  brought  to 
redness  and  the  Lead  was  fed  in.  The  furnace  fcoofc  8  to  M  kw.  with 
a  primary  voltage  of  460  to  460  and  an  amperage  of  41  to  44,  the 
power  factor  being  23  per  cent.  One  of  the  four  primary  coils  was 
then  cut  out.  the  primary  voltage  being  then  468,  amperage  76,  the 
kw.  17.1.  and  the  power  factor  50  per  cent. 

ks  Boon  as  enough  lead  had  been  melted  by  the  hot  copper  ring  to 

till  the  vacant  space  in  the  resistor  tube  and  to  establish  the  eonnec- 

of  molten  lead  in  the  hearth  between  the  ends  of  the  resistor  tube, 

circulation  was  set  up,  a  little  fountain  of  lead  being  formed 

i.h  opening  into  the  resistor  tube,  just  like  the  action  of  the 

stor  tubes  in  small  Hering  furnaces  that  had  been  seen 

a|   on  Lead.      The  pumping  of  the  lead  out  of  the  resistor  was 

e  out  or  float  out  the  nails  that  had  been  used 

in  den    form   used    for  the  resistor  tube  in  the 

ip  Lining. 

melt*  d  and  raised  to  526°  C,  102  pounds 
ting  at  an  average  of  17.5  kw..  using  3.8 
kw.  h.  and  ]         _    i  power  < 

provided  with  a  tilting  mechanism,  so 
ladled  out.  but  the  resistor  tube  was  left  filled 

it  off,  the  lead  freezing  m  the  tube. 
nrrent  and  melting  the  solid  lead  it  was  found 
bad  been  made  in  the  magnesite  lining,  as  lead  began  to 
dri:  The  l,.(lk  was  plugged  lip  and  the  run  con- 

nnds  -olid  lead  Left  in  the  furnace  was  melted 
:  to  }-:»    C.  in  !"  minutes,  using  L2.fl  kw.  h.    One  hundred 
lead  was  then  charged,  melted  and  raised  to 
<  .  in  1  H  minutes,  using  3.5  kw.  h. 
1  '■•  in   Ladled  out   down  to  the  copper  ring  and  an 

melt    th.-   ring.      Before   it    melted,   however,   it  be- 
1  a  piece  broke  out.  thus  breaking  the  secondary  circuit, 
lolten  r<-<\  brase  was  poured  in  to  restore  the 
""*  fan  only  taking  17  to  18  kw..  another 

y  coili  ut  out.    The  furnace  then  took  13  kw.  at 

n  the  primary,  or  b  power  factor  of  7:',.    The 
the  furnace  operated  for  a  few  moments  on 
I  lead,  copper,  and  red  brass;  that  is.  it  might  he 
I  red  I  The  circulation  with  brass 

>wn  with  lead,  and  nothing  out  of  the 
ribe  I  to  ;.  -dead  spot  "  in  the  resistor, 
fully  plugged  when  lead  only  was 
could  no  longer  be  operated. 
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The  run  had  indicated,  however,  that  a  pinch-force  circulation 
could  be  obtained  in  a  vertical-ring  induction  furnace.  It  had  also 
shown  that  a  charge  should  not  be  allowed  to  freeze  in  the  resistor 
tube  of  such  a  furnace. 

Work  on  the  Foley  furnace  was  not  carried  further  at  the  National 
Cash  Register  Co.,  but  was  later  resumed  at  the  plant  of  the  Bristol 
Brass  Co.  In  March,  1917,  one  of  the  writers  visited  this  plant  and 
saw  a  GO-kw.  furnace  of  about  1,000-pound  capacity,  capable  of  pour- 
ing some  700  pounds  per  heat.  The. furnace  was  not  in  operation, 
as  it  was  undergoing  alteration.  Material  was  on  hand  for  three 
larger  furnaces  of  about  3,000  pounds  capacity,  but  construction  had 
not  been  started. 

The  experimental  furnace  had,  at  that  time,  a  secondary  in  the 
form  of  a  flat  tube,  about  6  inches  wide  by  three-fourths  inch  thick 
instead  of  the  circular  one  of  the  first  furnace,  the  change  being  made 
to  cut  down  magnesite  leakage.  The  resistor  loop  is  circular,  not 
having  the  sharp  angle  of  the  loop  in  the  Ajax-Wyatt  furnace,  which 
will  be  described  later.  The  resistor  is  made  by  ramming  up  two 
large  blocks  from  a  mixture  of  ground  old  crucibles,  bonded  with 
fire  clay  and  water  glass.  These  blocks  are  allowed  to  dry  slowly 
and  a  depression  corresponding  to  half  the  resistor  loop  is  cut  in  each. 
( Vment  is  put  on  the  faces  of  the  two  blocks  and  the  two  put  together, 
thus  completing  the  casing  of  the  resistor  loop.  The  two  halves  of 
the  casing  are  held  together  in  a  heavy  iron  frame  and  tightly 
squeezed  by  screwing  the  frame  together.  The  assembled  casing  is 
then  similarly  cemented  and  fastened  tightly  to  the  hearth  by  rods 
and  turnbuckles,  thus  assembling  the  furnace.  The  hearth  has  a 
brick  lining,  with  thick  walls,  about  15  inches  being  used. 

The  furnace  at  this  time  had  a  power  factor  of  only  58,  owing 
largely  to  the  distance  between  secondary  loop  and  core,  this  dis- 
tance being  about  8  inches — 5  inches  of  refractory  and  3  inches  of 
air  space.  Water  cooling  of  the  refractory  walls  within  the  secondary 
and  outside  the  core  has  since  been  introduced,  and  should  allow  cut- 
ting down  this  space  and  therefore  lower  somewhat  the  magnetic 
leakage  and  raise  the  power  factor. 

This  furnace  was  built  to  take  2,300  volts  direct  on  the  furnace 
primary,  which  the  writers  consider  unsafe.  Mr.  Foley  state-  that 
lie  .an  use  220  or  440  volts  just  as  well,  as  2,300-volt  furnace  being 
so  designed  to  save  the  cost  of  a  transformer  for  stepping  down  from 
that  voltage  to  whatever  voltage  is  chosen  fur  the  furnace  primary. 

The  furnace  was  d<  signed  to  pour  through  a  tap  hole  from  beneath 
the  surface  of  the  metal,  the  (low  being  controlled  by  a  graphite  plug. 
It  was  mounted  on  a  wheel-and-tra<k  Bystem  for  pouring  dired  into 
molds. 

No  detailed  data  on  actual  operation  of  the  Foley  furnace  are 
available,  though  -nine  melting  has  been  done.     A  power  consump- 
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5  kw.  h.  per  ton  on  70:30  brass  is  claimed,  this  being  taken 
with  the  furnace  hot,  as  it  would  be  in  iM-hour  operation. 

A  copper  ring  is  put  into  the  resistor  loop  when  the  furnace  is  as- 
sembled ami  in  starting  up  this  is  heated  by  the  current  and  zinc  or 
fed  in  till  the  loop  is  tilled,  or  molten  zinc  is  poured  in;  then  brass, 
and.  finally,  copper  are  fed  in  till  the  charge  has  the  desired  com- 
»n. 
In  February,  L918,  Mr.  Foley  offered  to  install  for  a  prospective 
single-phase  L25-kw.  furnace,  capable  of  melting  1,000 
yellow  brass  per  hour  at  not  over  250  kw.  h.  per  ton  on  con- 
tini  ition.     In  fact,  it  wns  stated  that  pure  copper  could  be 

that  rate,  and  that  it  was  possible  to  hold  the  metal  molten 
lien  working  one  shift  only,  with  a  power  input  of  12.5 
primary  voltage  would  be  220  or  440,  as  desired,  the  sec- 
.     B  to  10.     No  statement  was  made  as  to  powTer  factor, 
sav  "high,"    The  life  of  the  lining  on  continuous  24-hour 

d  t«>  be  2,000  heat.-,  or  L,000  ton-.    The  same  furnace 
plicable  to  brass,  bronze,  and  aluminum.    There  are 
ctual  runs  in  this  furn;:  bow  whether  the 

:  >mer  have  or  have  not  been  attained 
I  0.,  at  whose  plant  most  of 

rk  on  the   Foley    furnace  has  been  carried  out, 
wa£  not  yet  on  a  truly  commercial  basis, 
to  any  later  development, 
till  different  form  of  vertical  ring  indue - 
tual  application  of  it  is  known. 

AJAX-WYATT  FURNACE. 

rtical  ring  induction   furnace  in  wide  commercial  use 

Ajax-W'yati.  developed  by  (J.  II.  Clamer  and 

J    ]:    v  of  the   \ii\  Metal  Co.,  after  their  experience  with  the 

furnace  had  shown  that  a   furnace  with  the  metal  circulation 

"f  the   "  raWe,  but  that  the  electrode  losses  of  the 

!  be  eliminated,    n  bag  been  the  result  of  a  long  series 

"f  I  The  firM  commercial  Ajax-Wyatt  fur- 

in  Plat  XXI.  .1.  p.  235.  The  30-kw.  furnace  had  al- 
fonn  in  October,  L915,  and  the  60-kw.  in  the  summer 

1  tin-  furn;  ire  in  constant  use  at  the  plant  of  the 

mber  were  supplied  to  several  other  firms 

1  m  the  use  of  the  furnaces,  it  was  not. 
uch  time  the  design  of  the  furnace  had 

..,   ,,,._,,, 

" ',.  lar.  11,  1010. 

Iso  60  A  las  HTj    '  I     In  operation, 
World,  v<>!    ;..    1020,  i>.  161. 
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been  standardized  and  full  information  collected  on  its  behavior, 
that  the  furnace  was  advertised  for  general  sale.  The  conservative 
attitude  of  the  designers  of  this  furnace  is  shown  also  by  their  frank 
acceptance  of  the  limitations  of  this  type  and  their  refusal  to  supply 
it  for  use  under  conditions  to  which  it  is  not  fitted. 

The  Ajax-Wyatt  furnace  has  been  described  by  Wyatt,95  Clamer,96 
Blakeslee,97  and  Kenyon.98  It  is  built  under  the  Wyatt  patents 
under  licenses  as  to  the  Schneider,  Kjellin,  and  Hering  patents.99 

To  produce  circulation  of  the  metal,  this  furnace  utilizes  not  only 
a  slight  amount  of  thermal  or  gravity  circulation,  due  to  heating  the 
metal  from  the  bottom,  and  some  "  pinch  "  force,  due  to  the  high 
current  used,  some  10,000  amperes  at  about  4  volts,  in  the  secondary 
of  the  30  to  40  kw.  size  and  at  about  6  in  the  60-kw..  but  also  a 
"motor"  force.1  This  latter  force  is  due  to  the  attraction  or  repul- 
sion between  two  conductors  respectively  carrying  current  in  the 
same  or  in  opposite  directions.  The  "  pinch  "  force  in  any  conductor 
is  due  to  the  current  in  any  single  part  of  that  conductor  alone :  the 
motor  force  is  due  alone  to  the  current  in  another  conductor  or  to 
another  part  or  branch  of  the  same  conductor.  When  the  conduc- 
tors are  molten  the  motor  force  causes  a  flow  of  the  molten  material. 

By  using  a  conductor  with  two  branches  at  an  acute  angle  with 
each  other  the  circulation  due  to  motor  force  can  be  made  great  and 
can  be  made  to  supplement  or  reinforce,  instead  of  opposing,  the 
circulation  due  to  the  "pinch"  force. 

The  secondary  of  the  Ajax-Wyatt  vertical  ring  induction  furnace 
is  made  in  the  general  shape  of  an  equilateral  triangle  instead  of  in 
that  of  a  semicircle  and  is  shown  diagrammatically  in  figure  35. 
By  this  form  circulation  is  obtained  by  a  combination  of  three 
forces — gravity  (heated  metal  rising)',  "pinch"  force  (as  in  the 
Hering  furnace),  and  motor  force.  The  circulation  set  up  is  very 
groat,  and  the  motion  of  the  metal  appears  to  facilitate  the  separa- 

95  Wyatt.  J.  R..  F.  S.  Patents  1.201.071.  Oct.  17.  1010  ;  1,235,628,  1,235,629,  1,235,630, 
Aug.  7.  1017:  1,312,069,  Aug.  10.  1010:  1,313,671,  Aug.  5.  1010. 

M  Clamor.  <J.  II.,  Melting  brass  in  tho  induction  furnace.  Jour.  Am.  Inst.  Metals,  vol. 
11.  1017.  p.  381.  Ajax-Wyatt  electric  furnace.  Metal  Ind.,  vol.  17.  1010.  p.  362.  The 
Induction  electric  furnace,  .Tour.  Franklin  Inst.,  vol.  100,  1020,  p.  47:?.  Brass  World, 
vol.   10.   1020.  p.  337,  vol.  17.  1021.  pp.  3,  36. 

87  Blakeslee.  R.  N.,  jr..  Operating  brass-making  induction  furnaces,  Elect.  World,  vol. 
74.    1010.   p.   042. 

"-  Kenyon,  O.  A.,  Developments  in  brass  melting,  Iron  Age,  vol.  105,  1920,  pp.  810.  880  : 
Brii^s  World,  vol.   10.  1020.  p.  87. 

OT  Kjellin,  F.  A..  T\  S.  Patent  682,088,  Sept  3,.  1001;  Schneider,  C.  P.  B.,  U.  8. 
Patents  761,920,  June  7.  1004,  and  763,330,  June  21,  1904:  Hering.  C,  1'.  8.  Patent 
988,936,  Apr.  4.  1011. 

1  Northrup.  K.  I\,  Nature  and  explanation  of  the  motor  effect  in  the  Ajax-Wyatt  fur- 
nace :  .Tour.  Franklin  Inst.,  vol.  190,   1920,  p.  817. 
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turn  bi   foreign  particles  such  as  dirt, 

dross,  and  oxide,  and  hence  to  produce 
clean  metal. 

The  furnace  is  designed  to  avoid  the 
low-power  factor  common  to  horizontal- 
ring  induction  furnaces.  The  resistor 
loop  or  triangle  has,  in  a  80-kw.  size,  a 
cross  section  of  about  3 J  by  §  inches,  be- 
ing  made  thin  and  flat  to  inclose  as  many 
lines  of  force  as  possible  and  to  avoid 
magnetic  leakage.  The  laminated  iron 
transformer  core  of  the  furnace  is  built 
in  r^rj  shape,  as  shown  in  figure  35,  the 
primary  coil,  of  flat  copper  insulated  by 
asbestos  tape,  being  wound  about  the  cen- 
tral leg,  and  thus  largely  inclosed  by  the 
mdary  loop.  The  core  and  primary 
ed  in  a  brass  or  other  nonmag- 
netic casing,  air  from  a  small  motor- 
driven  blower  being  led  into  this  '-using 
to  cool  the  row  and  the  primary.  There 
is  no  water  cooling  of  any  part  of  the 
furnace. 

The  30-kw.  size  uses  220-volt,  GO-cycle 
current  at  about  200  amperes  on  the  pri- 
mary, ami  form-  a  step-down  trans- 
former of  a  ratio  of  about  55  to  1, 
tjie  secondary  voltage  being  about  4, 
amperage  about  10,000,  and  the 
power  factor,  on  GO-cycle  current, 
above  80. 

The  60-kw.   furnace  also  has  a   power 

factor  of  about  80.  It  is  calculated  that 
80  kw.  i.-  ;i  high  a  power  as  a  single  loop 
Can    take    on    brass    without    having   the 

power  factor  full  below  To.    To  construct 

furnaces     of    SUCh     large    capacity     that 

more  power  i.-  required,  it  will  be  oeces- 
.  io  polyphase  operation.     A 

fun  ;tli    two   or   three     econdary 

loop  bed  to  the  same  hearth  could 

!»<•  built  to  take  ;it   least   1 1"  kw., 
;it   a    7')   pei'  cent   power    factor;   BUCh    a 
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furnace  would  melt  at  least  1,250  pounds  of  yellow  brass  per  hour. 
The  furnace  is  so  far  in  commercial  use  only  in  30,  Go.  75.  and  80  kw. 
sizes,  single-phase,  but  experimental  work  is  now  under  way  on 
larger  polyphase  types. 

The  furnace  does  not  require  so  thick  a  lining  to  attain  a  good 
thermal  efficiency  as  most  of  the  other  types  do,  because  at  no  time  is 
any  part  of  the  hearth  raised  to  a  temperature  above  that  at  which 
the  metal  is  poured,  as  the  heat  is  generated  wholly  in  the  metal  itself. 
Even  the  resistor  tubes,  where  the  heat  is  generated,  are  probably  not 
heated  over  25°  C.  (45°  F.)  above  the  pouring  temperature  of  the 
charge.  The  problem  of  refractories  as  far  as  resistance  to  fusion 
at  working  temperatures  is  therefore  not  difficult,  although  other 
factors  as  will  be  shown  later  make  this  less  simple  than  it  appears 
from  the  point  of  view  of  temperature  alone. 

The  furnace  is  compact,  occupies  relatively  little  floor  space,  and 
like  all  other  well-designed  electric  brass  furnaces,  is  cool  to  work 
around.  There  is  no  waste  space  at  all  in  the  furnace,  so  that  the 
Avail  radiation  is  at  a  minimum.  The  furnace  can  be  tightly  closed 
to  prevent  loss  of  zinc,  and  even  if  the  cover  were  not  tightly  closed 
is  of  such  a  form  that  the  heavy  zinc  vapor  will  tend  to  lie  in  it  and 
not  be  continually  forced  out,  as  there  will  be  no  draft  through  the 
furnace  as  long  as  the  pouring  spout  is  plugged  tight. 

There  is,  however,  no  automatically  reducing  atmosphere  in  the 
furnace  such  as  is  found  in  all  tightly  closed  electric  brass  furnaces 
using  carbon  or  graphite  electrodes  or  resistors.  The  furnace  at- 
mosphere is  normally  oxidizing,  and  it  is  necessary  to  maintain  a 
good  cover  of  charcoal  over  the  metal  to  counteract  this.  On  account 
of  the  oxidizing  atmosphere  there  is  a  tendency  for  a  crust  of  zinc 
oxide  to  form  on  the  inside  of  the  hearth  at  the  top,  and  in  order  to 
prevent  this  from  reducing  the  hearth  capacity,  it  is  necessary  to  chip 
it  out  with  an  air  hammer  and  high  speed  steel  tools  every  two  or 
three  days. 

The  furnace  is  built  in  two  forms,  one  for  ladle  pouring,  in  which 
the  furnace  tilts  on  trunnions,  as  in  Plate  XX1T.  .1.  the  other  for 
pouring  direct  into  mold-,  in  which  it  tilt<  on  the  lip.  A  battery 
of  trunnion-mounted  furnaces.  Plate  XXIII.  and  a  battery  of  lip- 
tilting  furnaces  Plate  XXIV,  are  used  at  the  plant  of  the  Bridge- 
port Brass  Co. 

Inasmuch  afl  the  power  supply  to  the  furnace  depends  on  the  re- 

mce  of  the  molten  metal  in  the  resistor  loop,  and  as  tin  ince 

a  60:40  brass  and  of  pure  copper,  for  example,  are  widely  differ- 

.  it  is  obvious  that  if  the  furnace  is  to  be  used  for  BUCD  different 
alloys,  Bome  means  musl  he  provided  for  varying  the  primary  \olt 

.  us  by  an  autotransformer  stepping  down  the  high  tension  cur- 
rent, say  of  2,300  or  <■>.<;<>()  volts  to  the  furnace  voltage  of  around  220 
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volts,  by  which  the  furnace  voltage  can  be  altered.    By  such  means 

alio;  opper,  LO  /inc.  or  60  copper,  10  zim*  can  be  bandied 

rily  in  the  same  furnace.     Alloys  above  90  per  cent  in  eop- 

h:i\e.  however,  BO  low  a  resistance  that  a  resistor  of  smaller  cross 

section  than  that  supplied   tor  use  on  alloys  high  in  zinc  would  he 

tired     It  ifi  more  difficult  to  <ret  a  <rood  power  factor  on  the  high 

per  alloys,  and  the   furnace  is  in  general  not  so  well  fitted   for 

•  important  limitation  lies  in  the  fact  that  any  short- 

niting  of   the   resistor   loop   would   he   fatal,  and   any   hreak-out 

which  might  allow  molten  metal  to  run  down  onto  the  primary  coils 

•  uld  not  only  put  the  furnace  out  of  commission  but  mi^ht 

the  furnace  beyond  repair.    Tt  is  thus  essential  that 

v  forming  the  resistor  loop  he  free  from  any  tendency 

How  fins  of  metal  to  penetrate  it. 

editions,  the  resistor  loop  is  made  by  ramming  up 
ratnre  ash  anient,  containing  fire  clay  and  asbestos, 

about  '      iiiLrular  brass  form  the  size  and  shape  of  the  re- 

sistor !  made, 

hied  out  slowly  in  the  sir,  then  in  an  oven    for 
sever  tl  d  i  finally  gradually  heated  up  to  drive  out  all  moisture 

irmly.    The  ramming  ami  drying  must  he  so 
■   :      cracks  develop,  mid  1 1 1  < *  operation  requires  skill 
I  nlesE  the  work  is  properly  done  the  life  of  the 
• 

lining  sufficient  flexibility  to  stand  the  ex- 
pansion of  the  braae  torn  without  cracking.    The  brass  form  is  left 
and    when    the    furnace    i  I  ibled    and    ready   to   start   a  low 

led  '»n  the  primary  and  the  bras-  secondary  gntdu* 

Molten  zinc  Is  then  fed  in  till  the  brass  pattern  has 
full  of  molten  metal ;  brass  and  copper 

1  in  till  the  <harLr<'  has  tin    desired  composition. 

I    lining   withstands  yellow   brass  successfully, 

I    i    '  f j i 1 1 lt  b«'iiiLr  7fi  toni   OH  the  30-kw.  furnace,  or 

high  as  375  tons  or  -1. 500  heats  has 

individual  linings.    The  cost  of  relining,  including 

'    for  the    K)-kw.  and  S75    for  the 

i  gi  <•    ;i  i -  ••  Less  than  $100" 

••  lining  does  not,  howc\  n  illy 

in  lead,  which  U  notorious  for 
oak  through  the  pore-  of  any  refractory  limn 

roar.    Am      In    t      \|, •(■,!.    rol.    11. 
00   f ■  J r i j : .  World,    vol.   74. 
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The  makers  do  not  advocate  the  furnace  for  alloys  containing 
over  3  per  cent  to  3J  per  cent  of  lead.  One  firm  reports,  however, 
that  a  30-kw.  furnace,  melting  mainly  borings  from  an  alloy  of 
about  60  per  cent  copper,  30  per  cent  zinc,  5  per  cent  tin,  5  per  cent 
lead,  gave  lining  lives  of  6'2,  64,  and  43  tons. 

Since  rolling  mills  seldom  melt  alloys  containing  over  3  per  cent 
lead,  extrusion  metal  being  the  only  composition  given  by  Wood.4 
which  contains  more  than  that  amount,  the  furnace  is  rather  better 
fitted  for  the  average  work  of  a  rolling  mill  than  for  that  of  a 
foundry  making  sand  castings,  as  the  average  foundry  must  often 
handle  mixtures  rather  high  in  lead.  This  limitation  may  ultimately 
be  removed  by  further  advances  in  knowledge  of  refractories. 

POWER   CONSUMPTION. 

The  Ajax-Wya.tt  is  the  most  efficient  electric  brass  furnace  yet  de- 
veloped, in  the  economical  use  of  power  when  operated  24  hours  a 
day.  Furnaces  of  other  types  are  seldom  very  efficient  in  so  small  a 
size  as  30  or  60  kw.,  but  it  is  doubtful  if  any  other  type  of  furnace 
of  whatever  size  can  operate  on  yellow  brass  24  hours  a  day  with  as 
low  power  consumption  per  ton  of  metal  melted  as  the  60  or  80  kw. 
Ajax-Wyatt.  This  is  thoroughly  in  accord  with  the  theory,  since  the 
furnace  has  no  waste  space  and  generates  all  the  heat  in  the  metal 
itself.  Its  radiation  losses  are  therefore  small  and  unlike  the  Hering 
furnace  it  has  no  electrodes  to  draw  away  heat. 

The  30-kw.  furnace  melts  70:30  yellow  brass,  poured  at  1,065°  to 
1,095°  C.  (l,950°-2,000°  F.)  at  a  power  consumption  on  24-hour  oper- 
ation of  something  less  than  250  kw.  h.  per  ton  as  a  grand  average 
of  figures  obtained  under  average  operating  conditions  in  rolling 
mills.  The  figures  vary  from  200  to  300  kw.  h.  per  ton,  the  lower 
figure  being  obtained  on  heavy,  clean  sera])  and  the  higher  on  bulky, 
oily  turnings,  which  have  to  be  constantly  poked  down  into  the 
bath  with  the  furnace  cover  open  most  of  the  time. 

The  60-kw.  furnace  does  better,  averaging,  perhaps,  200  kw.  h. 
per  ton.  It  has  melted  60:40  and  2:1  brass  at  174  to  180  kw.  h. 
per  ton.  When  the  larger  multiphase  furnaces  are  perfected,  it  will 
probably  be  possible  to  average  about  210  kw.  h.  per  ton  on  yellow 
brass,  24-hour  operation;  and.  under  the  most  favorable  conditions, 
to  get  down  to  175  kw.  h.  per  ton.  As  this  represents  an  efficiency 
of  about  85  per  cent,  based  on  the  most  probable  figures  for  the 
power  theoretically  required,  it  is  not  likely  that  any  other  type  of 
furnace,  however  improved,  can  melt  at  a  lower-power  consumption 
per  ton  than  is  possible  in  this  type. 

*  Wood,  u.  a..  Brass  rolling  mill  alloys,  Jour.  Am.  lust.  Metals,  v..i.  n.  1917,  p,  181. 
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i  one  of  the  early  low-powered  Ajax-Wyatt  furnaces, 

which  one  of  the  writers  witnessed  in  January,  L916,  the  furnace 

kw.,  the  following  results  were  obtained. 

A.  total  of  i.i"    pounds  of  yellow  borings — 62  per  cent  copper, 

c,  LI  per  cent  lead— poured  at  1,010°  C.  (1,859°  F.) 

melted  in  7{  hours  using  L64  kw.  h.,  at  the  rate  of 

280  kw.  h.  per  ton. 

<  hi  a   Peek's  run  of  these  borings,  which  contained   about  1   per 

I  and  dirt.  '.'i.-J  per  rent  of  the  charge  was  recovered  as  ingot 

und  large  piece-  <d*  metal  from  the  skimmings;  2.1  per  cent  was  re- 

!  by  washing  the  skimmings,  leaving  a  loss  on  the  original 

r  rriit.  or,  deducting  the  nonmetallic,  a  net  loss  of 

it.     T:  ■   figures  obtained  on  the  same  sort  of  charge 

owed  a  loss  "ii  the  original  charge  of  G  per  cent,  or  5 

This  figure  agrees  with  that  recently  given  by  the 

Mi  tal  Ind  who  declared1  that  in  melting  turnings  in 

■  ncible,  carefully  pushing  the  turnings  below  the  molten  metal  as 

volatilization  loss  is  5  per  cent. 
i  apparent  volatilization  of  zinc  in  this  run,  though 
tin-:  •  formed  considerable  amounts  of  light,  fluffy  dross,  which 

/led  much  sh  d. 

-t  made  in  1917  <«!.  two  of  the  \\v>t  Ajax-Wyatt  furnaces  in- 
stall- [IridgeporJ  Brass  Co.,  in  24-hour  operation  on  extrusion 

er,  L.5  per  'cut  lead.  38.5  per  cent  zinc,  the 

ting  of  two-thirds  heavy  scrap  and  one-third  dirty,  oily 

chi:  rrying  very  huge  amounts  of  oil,  up  to  10  or  12 

pounds  of  metal  was  charged,  147,084  pounds  ingots 

oured,  and  -"..'.'.vj  (2.5  per  cent)  pounds  metal 

1   from  «!  '  taking  a  total   recovery  of  9G  per  cent 

■  cent.     Most  of  this  loss  was  oil  and  non- 

th  the  borings.     In  crucible  practice  on  the  same 

:  zinc  per  LOO  pounds  of  charge  must  be  added 

I   /  '     .   while  if  more  than  one-half  pound 

trically  melted  charges  the  zinc  in  the  product 
wa«  t<*»  high 

:  per  ceni  of  the  metal  charged. 

lot  er  than  in  the  pit  fires,  but  the 

through  :i  recovery  process  was  decreased, 

metal  as  ingot  when  melted  in  the 

in  crucibles. 

■•:••    I   OSed    ii  kw.  h..  or  215 

kw.  thebasu  of  the  L47,084  pounds,  78  .  of  ingots 

•option  $0  kw.  h.  per  ton.    The  average 

•  lo— m.  Metal  1 1,  i,     i-.ii'.i,  p.  518. 
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output  was  250  pounds  per  hour.  On  further  use  one  furnace  melted 
100  tons  and  the  other  125  tons  before  requiring  relining.  Negro 
helpers  operated  the  furnaces  and  poured  and  shrunk  the  metal, 
obtaining  as  good  results  as  skilled  casters  on  the  pit  fires. 

The  Bridgeport  Brass  Co.  is  now  melting  all  its  metal  electrically, 
has  torn  down  the  stacks  of  its  pit  fires,  and  is  making  an  advertising 
campaign6  based  on  the  uniform  high  quality  of  electrically  melted 
metal.  In  one  of  these  advertisements  it  is  stated  that  the  introduc- 
tion of  the  electric  furnace  has  been  the  greatest  advance  made  in  the 
brass  industry  in  140  years,  since  direct  alloying  superseded  the 
calamine  process.  This  firm  has  even  advertised7  its  reserve  stock 
of  crucibles  for  sale. 

Blakeslee 8  gave  in  1919  the  following  figures  for  regular  operation 
of  a  battery  of  Ajax- \Vyatt  furnaces  at  the  Bridgeport  Brass  Co. : 

Average  power  consumption  per  ton,  yellow  brass,  24-hour  opera- 
tion, was  250  kw.  h.,  average  net  metal  loss,  0.5  per  cent.  On  a  test 
run,  7}  hours,  a  furnace  gave  the  following  averages: 

Kilowatt   input 37 

Pounds  output  per  hour 291 

Pounds  poured  per  kw.  b 9.63 

(or  20S  kw.  h.  per  ton) 
Power    factor 81.  8 

Blakeslee  states  that  since  all  melting  at  this  plant  has  been  done 
electrically  there  has  not  been  a  single  case  of  "brass  shakes,"  and 
that  there  has  been  a  reduction  in  the  number  of  severe  burns  that 
formerly  frequently  occurred  from  the  breaking  of  crucibles. 

The  furnace  is  said  to  give  a  well-mixed  and  uniform  product.  It 
is  also  stated  that  the  ingot  can  be  shrunk  better  when  poured  direct 
from  the  electric  furnace  than  when  poured  from  the  crucibles.  In 
the  early  test  previously  cited  it  was  found  that  the  better  shrink- 
ing allowed  making  a  much  smaller  crop,  to  cut  oif  the  piped  top, 
than  in  crucible  melting.  This  firm  is  now  using  some  larger  Ajax- 
Wyatt  furnaces  of  80-kw.,  1,500-pound  capacity,  which  give  about  •_''  15 
kw.  h.  per  ton.  The  power  factor  of  these  was  GO  to  65  during  its 
early  development,  but  it  was  hoped  to  improve  this.  The  original 
lining  of  the  first  80-kw.  furnace  was  still  in  good  shape  after  melting 
^95  tons.  Attention  ha-  also  been  given  by  this  firm9  to  the  design  of 
a  modification  of  the  Ajax-Wyatt,  in  which  heat  may  be  supplied  not 
only  at  the  bottom  of  the  hearth  but  at  the  top  also  by  an  arc  a  re- 

■  Rocking  furnace.  Electrical  World,  vol.  74,  No.  3,  July  IP.  1919,  front  cover.  Ajax 
furnace.  Electrical  World,  vol.  7  1.  No.  1l\  Sept.  20.  1919,  p.  82.  Removal  of  stack,  Elec- 
trical World,  No.  !>.  Aim.  80,   L919,  p.  11  ;  Rrass  World.  March,  1920,  p.   -1 

7  Bridgeport  Bran  Co.,  The  Foundry,  p.  188,  vi    18,  Apr.  i.  18 

s  Blakeslee,  R.  N..  jr..  Operating  i>ra>s  making  induction  furnaces.  Elect,  world,  rol.  74, 
1919,  p.  642. 

irk.  w.  r..  r.  s.  Patents  1,828,712  and  1,828,718,  Jan,  -".   L999;  1,870,682,  Mar. 
B.  1921. 
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I  beating,  as  in  the  malting  of  oily  borings  and  low 

dirty  scrap,  a  prusl  is  apl  to  form,  bridging  over  the  hearth, 

quiring  re  poking  to  submerge  it  into  the  bath,  when 

from  t ho  bottom  only.     A  desigB  for  preheating  by 

also  be*  n  suggested,  bnl  none  of  the  modifications 

troughly  tried  out. 

TESTS  OF  COMPLETE  HEAT  BALANCE. 

Lnotb  r  [n<  ag  development  in  the  work  of  the  Bridgeport 

.  with  tin-  Aj:i\-\\'v;itt  lias  been  the  mating  of  a  test  to 
complete  heai  balance,  along  the  lines  of  a  boiler  tost.    Un- 
rtunately  the  results  of  this  test  have  not  been  published,  but  it  is 
thai  the  energy  actually  absorbed  by  the  metal  agreed  well 
with  t  termined  by  pouring  the  metal  into  a  calorimeter.     Ac- 

figures   it    take-    L37.5   calories  per   pound  to  heat 
per  cent  lead,  36  per  cent  zinc,  to  1,000° 
pounds  would  la>  melted  per  kw.  h.  at  100  per  cent 
tli-  iency",  <  kw.  h.  per  ton. 

.it  1,000°  C,  equivalent  to 

kw.  h.  i  for  a  86:  L5  bronze  at  1,050    C.  he  gives  the 

same  figui  nd  EJering11  give  L38  kw.  h.  per  ton  for  2:1 

I    ..  Hansen1    calculates  that  it  takes  8,240  large 

.    H'l    kw.  h.   per  ton.  to  rai>c   L00  pounds  of  copper 

I  ise  1""  pounds  of  previously  alloyed 

9E  t<»  1,100    C.  171  kw.  h.  per  ton  and  6,919  calories  to  raise 

20  pounds  zinc  to  1,100   C.,  161  kw.  h.  per  ton, 

g  lower  than  the  one  preceding  it  because  of  the 

lution  of  zinc  in  copper.    According  to  the  probable  specific 

i  will  probably  take  from  10  to  15  kw.  h. 

I  brass  or  bronze  extra  for  each  extra  100°  C.  above  the 

which  the  metal  is  raised.    The  experiments  of  the 

that  the  figures  given  by  Richards, on 

furnace  efficiencies   have   usually   been   calculated,  are 
••'•      I  I  bal   L50  kw.  h.  per  ton  for  average 

■  poured  about    L,0fi  I     I  .  and   170  kw,  h.  per  ton   for  aver 
:  a<  1£00    Caw  better  figures  for  the  theoretical 

:  tie-  plants  of  fhe  American   BraSf  Co.  it  w 

I  yellow  i,  :.,.  average  analysis  of  the 

!•  copper  showed  a  variation  of  only 

'•20. 

B  i    ■  Fonndew 

"     ",r"1  H'r"  ■■    f'.r  braM  melting,  Tram    Am 

101. 

'  ■      '       \!     I   Li    .     fOL     <•>, 
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0.05  per  cent.  The  slight  variation  that  did  exist  was  almost  within 
the  limits  of  analytical  error,  the  top  being  higher  in  copper  than 
the  bottom  as  often  as  the  reverse ;  that  is,  the  mixing  of  the  charge 
is  perfect,  owing  to  the  stirring  action  of  the  moving  metal.  In  cru- 
cible practice  there  is  a  considerable  tendency  for  the  composition  of 
the  top  and  bottom  of  an  ingot  to  vary  from  incomplete  mixing. 

It  is  stated14  that  at  the  American  Brass  Co.  it  has  been  found 
that  100  pounds  of  zinc  charged  into  the  600-pound  Ajax  furnace 
is  completely  and  thoroughly  mixed  in  five  minutes  with  no  stirring 
whatever  aside  from  that  done  by  the  furnace  itself. 

It  is  further  stated  that  when  the  60-kw.  furnaces,  of  which  this 
firm  has  15  in  operation  in  Waterbury,  are  operating  steadily  without 
delays  or  interferences  they  melt  2:1  brass  at  an  average  of  174 
kw.  h.  per  ton.  Each  60-kw.  furnace  should  then  produce  6  to  7 
tons  of  yellow  brass  in  24  hours.  Some  lining  trouble  has  resulted 
from  nonuniformitv  in  the  asbestos  cement,  and  some  linings  have 
failed  on  the  first  heat.  Some  trouble  has  occurred  from  stoppage 
of  the  power  supply  just  after  charging,  so  that  the  metal  froze  and 
ruined  the  lining.  Several  furnaces  are  reported  to  be  operating 
on  linings  that  have  run  over  1,500  heats,  and  the  high  figure  at  the 
time  of  the  report  was  1,829 — 540  tons.  With  care  and  barring 
accidents  it  is  expected  to  bring  the  average  life  up  over  2,000  heats, 
or  to  over  600  tons'  output  per  lining. 

The  American  Brass  Co.  pours  direct  into  the  ingot  molds,  either 
from  a  nose-tilting  furnace  or  by  lifting  the  trunnion  type  by  a  crane. 
At  the  P.  and  F.  Gorbin  plant  of  the  American  Hardware  Co.,  New 
Britain.  Conn.,  a  30-kw.  Ajax-Wyatt  furnace  in  24-hour  operation 
gave,  melting  an  alloy  of  60  per  cent  copper,  30  per  cent  zinc,  5  per 
cent  tin,  5  per  cent  lead,  the  charge  being  mostly  borings,  on  a  run 
of  about  170  tons,  an  average  of  245  kw.  h.  per  ton.  It  took  10  kw. 
to  keep  the  furnace  and  the  metal  retained  in  the  resistor  loop  molten 
hot  overnight  ready  to  start  the  next  morning  if  the  furnace  was  not 
operated  on  a  continuous  24-hour  basis.  This  heating  can  be  done  by 
using  a  special  transformer  for  stepping  down  from  the  transmission 
voltage  of  2,300  or  of  6,600  to  the  220  volts  for  which  the  furnace  is 
usually  designed,  and  by  using  a  different  tap  on  the  transformer  to 
a  still  lower  voltage  for  the  overnight  heating. 

It  is  of  interest  to  see  what  the  power  consumption  will  be  when 
the  furnace  is  operated  U)Y  various  periods  per  day. 

"Harnett,  w.  li.,  Personal  communication,  Jan.  20,   1920. 
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l>tion    in    80-bM.     \in Wniitt    funnier    under    nirioits 
"I  operation. 
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It  should  be  remembered  that  Table  52  is  calculated,  not  for  the 
boar  operation,  but  on  the  basis  of  actual  plant  op- 

•    for  1  riods,  and  that  it  is  for  the  30-kw.  size,  not  the 

/C. 

res  the  induction  furnace  on  8-hour  operation  with 
I  of  tin-  1.  ral  Electric  furnace,  which  is  far  less  efficient 

Though  he  is  forced  to  concede  that  the  induc- 
thc  highest  thermal  efficiency  of  all  types,  he  claims 
that  the  smaller  if  the  induction  furnace  must  involve  so  much 

hi-  t  thai  the  Bum  of  the  two  factors,  labor  cost  and 

on,  with  power  at  1  cent  per  kw.  h.,  shows  a  balance 
if  fcric  furnace  on  8-hour  Operation.     He 

the   induction   furnace  metal   is  to  he  poured  by  means 
•'   it  the  induction  furnace  must  he  charged 
by  General    Electric  furnace  can  be  mechanically 

umptione  Deed  not  be  correct  for  all  cases.    In  a 
rolling  mill  the  metal   from  either  furnace  may  either  be  poured 

or  from  a  la re;c  ladle:  and  charging,  it  would 

fl»"  WH  Ould  be  done  media nica II v  into  the  induction 

furnace  n  adily  than  into  the  General   Electric,  because  the 

action  type  il  al  the  top  of  the  furnace 

le. 
•*    '  requires  no  more  attention  or  control 

;      trie,  with  ad  its  elaborate  automatic  con- 
rmer  requires  no  electrical  control  other  than 
when  it  i  red  to  shut  oil'  the  power. 

I  furnace  in  operation  it   would  appear 

ondei   rolling-mill  conditions,  (here  is  no  ]< 
issumii  |  ibor  eosfl  per  ton  with  one  furnace 

ring  the  operation,  b  couple  of  men 

ud  DOI  induction   furme 

d    il.Hr  alloyi    in   U»e  electric 
73. 
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If  the  furnaces  are  used  more  than  8  hb«r8  per  day,  or  if  power 
costs  more  than  1  cent  per  kw.  h..  the  advantage  assumed  by  Collins 
decreases.  The  advantage  of  25  cents  per  ton  in  cost  of  power  plus 
labor,  which  Collins  assumes  the  General  Electric  at  400  kw.  h.  per 
ton  has  over  the  Ajax-Wyatt  at  300  kw.  h.  per  ton,  on  the  8-hour  basis 
with  power  at  1  cent,  is  entirely  wiped  out  if  power  costs  1^  cents  per 
kw.  h.  instead  of  1  cent 

There  is  room  for  a  good  deal  of  difference  of  opinion  as  to  the 
most  economical  size  of  furnace  for  rolling-mill  use,15  as  well  as  to 
whether  or  not  metal  should  be  poured  direct  from  furnace  to  mold. 
The  decisions  involve  a  good  many  factors.  If  the  plant  must  pour 
a  large  number  of  small  ingots,  involving  a  pause  to  shrink  each 
ingot,  there  is  less  advantage  in  a  large  furnace  than  when  a  plant 
can  dispose  of  the  metal  rapidly  into  a  few  large  ingots.  If  direct 
pouring  is  employed,  then  the  small  furnace  allows  easier,  control  of 
the  stream  of  metal. 

It  must  not  be  forgotten  that  in  big  furnaces  in  which  the  metal  is 
not  mixed,  as  it  is  by  the  Ajax-Wyatt's  self -circulating  resistor,  or 
by  rocking  or  rotating  other  furnaces,  there  is  danger  that  a  large 
charge  will  not  be  thoroughly  mixed. 

In  a  report  made  by  the  metallurgist  of  a  large  rolling  mill,  the 
vertical  ring  induction  furnace  and  a  reflected-heat  furnace  are  com- 
pared, leased  on  his  experiments  at  a  copper  refinery  where  after 
copper  was  melted  and  refined  in  a  10-ton  reverberatory,  zinc  was 
introduced  in  order  to  form  brass  and  to  save  remelting  the  copper, 
but  in  which  though  "vigorously  and  faithfully"  stirred,  there  was 
a  good  deal  of  variation  in  copper  content  of  the  resulting  brass — he 
does  not  believe  that  the  refiected-heat  furnace  in  a  1,500-pound  size 
or  larger  would  be  satisfactory  in  making  cartridge  brass,  on  account 
of  the  necessity  of  stirring  the  large  charge  through  the  door  with  a 
long  stirrer. 

ADVANTAGES  OF  AJAX-WYATT  FUENACE. 

From  the  point  of  view  of  its  electrical  characteristics,  the  Ajax- 
Wyatt  furnace  is  eminently  satisfactory.  There  is  practically  no 
fluctuation  whatever  in  the  load,  so  that  ordinary  distributing  trans- 
formers are  satisfactory  for  stepping  down  from  line  to  furnace  volt- 
age, a-  there  are  no  surges.  The  furnace  runs  along  without  any  elec- 
trical attention.  When  the  metal  in  the  resistor  tube  reaches  the  boil- 
ing point,  and  bubbles  of  zinc  vapor  l>eLrin  to  he  released,  the  resist- 
ance ri<es  and  the  ammeter  needle  starts  to  vibrate  or  "kick."    This 


i  ompare   Bering,   C,    Advantages   of   small    high   speed   electric   furnaces,   Met.   and 
Chem.  Enj  I  I,  1913,  p. 
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ther  that  the  whole  charge  is  hot  enough  to  pour,  being 

to  the  "jump"  of  an  iron  bar  thrust  into  the  crucible  to 

•'  works  pj  "  <>n  yellow  brass,  or  else  that  the  charge 

■   in  the  hearth  and  needs  poking  clown. 

advanl  Ajax-AYyatt  may  then  be  summed  up  as  fol- 

-  a  compact  furnace,  requiring  little  floor  space.    It  reduces 

on  alloys  high  in  zinc     It  is  thermally  the  most  effi- 

Unown:  that  is.  on  24-hour  operation  it  requires 

rest  lew.  h.  rate  per  ton.     It  mixes  the  metal  perfectly.    It  uses 

r  carbon  and  requires  no  water  cooling.     Its 

;il  characteristics  make  it  a  desirable  electrical  load.    Its  relia- 

bility  is  high  and  its  Lining  cost  per  ton  is  low. 

It-  disadvantages  are  (  1 )  that  it  must  he  operated  24  hours  a  day 

Broight  by  using  enough  power  to  keep  the  metal 

1  in  tl.  toi-loop  fluid,  as  a  free/.e-up  inevitably  ruins  the 

and  makes  relining  necessary ;  (2)  if  it  is  to  be  shut  down, 

nil  the  metal   in  drained  out.  and  in  starting  up  it  must  be 

roughly  preh  IS  by  an  oil  or  gas  flame,  and  it  must  then  be 

started  by  pouring  in  a  charge  that   has  been  melted  in  another 

fur  i  ation  from  one  heat  t>>  another  of  enough  charge 

to  fill  the  'r  and   to  make  a  connection   in  the  hearth  between 

i  legs  ol  the  tube  makes  it  difficult  to  change  from  one  alloy  to 

P,   unless   the   cfc  ich   thai    the    retained    metal   can  be 

irked  i:  on  of  the  next  charge 

furna«-e  will  not  handle  alloys  very  high   in  copper,  nor  can 

eft  lead  content  be  handled  with  the  present  lining.    Even 

lead  will  probably  reduce  the  lifeof  the  lining  considerably. 

bviously  fitted  then  for  ase  in  a  brass  rolling  mill, 

in  which  yellow  hi  melted,  and   in   which  24-hour,  or  at  least 

ible  and  very  common,  and  in  which  the 

turn*  desirable.     There  are 

•  .;  mills  in  wl  oditioi  h  that   furnaces  of  Larger 

the  |  commercial  of  the  Ajax-Wyatt  are 

1  .er.  the  furnace  is  worthy  of  careful 

by  any  rolling  mill,  and  so  far  it  holds  first  place  in 

i  hat  class  of  work. 

ly  not  fitted  for  use  in   foundries  that  do  not  melt 
lar:  How  i  lit  that  must  often  change  the  com- 

i in oace  from  heat  bo  beat.    If  is 
:  highly  leaded  mixture!  or  on  alloy-  around  90 

I     decided  handicap  \\  hen  it 
i  p,  therefore  it  can  not  be 
obbing    hop. 
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Its  field  is  on  the  high  zinc  end  of  the  scale,  being  best  adapted  for 
just  those  alloys  which  the  direct-arc  and  stationary  indirect-arc 
furnaces  can  not  handle. 

Nearly  any  alloy  made  in  the  nonferrous  industry  can  be  satis- 
factorily melted  in  either  an  Ajax-Wyatt  furnace  or  a  stationary 
indirect-arc  furnace,  but  neither  furnace  can  operate  satisfactorily 
on  even  occasional  heats  in  the  other's  field.  Hence  there  is  still 
room  for  the  more  versatile  furnaces  like  the  reflected  heat  and  the 
rocking  types. 

The  prices  of  Ajax-Wyatt  furnaces,  complete,  save  for  the  trans- 
former for  stepping  down  from  line  voltage  to  220  volts,  were  given 
on  March  29,  1920,  as  follows,  for  the  standard  sizes:  40  kw.,  $5,500; 
50  kw.,  $6,500;  80  kw..  $7,500. 

AJAX-NORTHRUP  FURNACE. 

One  more  furnace  remains  to  be  considered,  which  is  potentially 
even  more  versatile  than  any  other  as  it  can  be  built  in  either  a  tilt- 
ing or  tapping,  or  in  a  crucible  lift-out  type,  can  melt  any  alloy  and 
work  almost  equally  well  either  24  hours  a  day  or  only  an  hour  or 
two.  It  is  considered  here  instead  of  under  crucible  furnaces  because 
the  heat  is  generated  in  the  metal  itself  and  because,  like  the  Hering 
and  the  Wyatt,  it  is  a  type  which  the  Ajax  Metal  Co.  has  been  instru- 
mental in  developing.  This  is  a  new  type  of  furnace  invented  by 
Prof.  E.  F.  Northrup,  of  Princeton  University,  in  July,  1916,  and 
developed  with  the  aid  of  the  Ajax  Metal  Co.  The  Northrup  furnace, 
instead  of  using  ordinary  alternating  current,  uses  a  high-frequency 
current  such  as  is  used  in  the  wireless  telegraph.  Ordinary  alternat- 
ing current  has  60  cycles  or  alternations  per  second,  and  the  fre- 
quency of  the  current  used  in  the  Northrup  furnace  is  preferably  of 
the  order  of  10,000  or  more  cycles  per  second.  Conducting  materials 
in  proper  position  to  receive  the  potential  energy  released  by  a  high- 
frequency  current  may  absorb  (his  energy,  and  by  their  resistance  to 
the  flow  of  current  generate  heat  within  themselves. 

The  Northrup  furnace  is  an  induction  furnace,  the  heat  being  gen- 
erated in  the  charge  without  the  use  of  any  electrodes  to  carry  the 
current,  but.  unlike  the  usual  induction  furnace,  the  secondary  does 
not  have  to  he  in  the  shape  of  a  ring  or  loop.  The  heating  is  analo- 
gous to  that  due  to  v^dy  or  Foucault  currents  in  a  transformer  core. 

Guggenheim  ";  hafi  suggested  the  use  of  eddy  currents  in  an  elec- 
tric furnace,  hut  no  commercial  development  of  his  suggestion  is 
known. 


"Guggenheim,  s..   r.  s.  Patent    1,157,691,  Oct  26,   1916. 
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-rthrup  "  has  briefly  described  his  furnace  and  has  given  an  ex- 

jial  -  ,      of  the  theory  and  the  mathematics  in- 

i  ed. 

The  \'un  elf  as  applied  to  brass  or  silver  melting  consists  <>f 

B  oond  Iner,  such  as  graphite  for  the  metal,  which  may 

i  crucible  thai  c  Lifted  out,  a  stationary  crucible,  or  other 

Contain  Hiring  by  tilting,  or  a  container  with  a  tap-hole  at 

the  bottom.    This  container  1e  surrounded  by  a  heat-insulating  re- 

ind  in  small  furnaces  is  made  very  thin  in  order  to  secure 

'Vl<>  >ling?'  of  the  inductor  or  primary  coil  with  the  secondary, 

the  cpndui  •  acible  lining  and  the  charge  of  brass  itself.    Large 

fur-  l»o  able  to  use  a  thicker  refractory,  since  the  radius 

.he  crucible  to  be  heated  should  theoretically  be  three-fourths  the 

tor  coil. 

Wrapped  closely  about  the  outside  of  the  refractory  is  the  "in- 

primary,   a   spiral   conductor   that  can  be   made  of  a 

-  win  alloy,  or  may  be  of  copper  tubing  and  cooled  by 

inductor  spiral  are  connected  the  leads, 

ogle-phase  or  one  at  each  end  and  one  in  the 

of  high  frequency  current. 

an  ordinary  alternating  current  stepped 

connected  to  a  bank  of 

invented  by  Northrup, 

:.t    circuit.     The  gap   consists  of 

.  in  an  atmosphere  of  alcohol  vapor,  obtained 

I  from  an  oi]  cup.    The  Tesla  circuit  method  has 

.:    i''  6  I  kw.,  and  is  thought  to  be  applicable  only 

of   the   cost  of   the   condensers.     A 

J  i-  placed  about  the  primary  inductor  to  pre- 

Lnductor"  may  b;  I,  consisting  of  a 

the  primary  inductor  and  consisting  of  two 

i r  the  primary,  made  of  copper, 

pucible  and  in  contact  with  it,  made  in  a 

ai  'i    ii     measurement,   M<-t.   and 

btalned  In  electric  heating   with  high* 

I)  Bull.  1919,    Anon.,  Nortbrup 

t,    ;  -  L9,    1918,   :>.    I-..".       Lnon., 

.'»l.   21,    1919,   p    258. 

l'.tl.s;    1,297 

I     •     LO,    1920  ;    uv  m ,    D.,   The 

&}•■  eo      t-.    219  !    Alloj  Inn    pr< 

■    j    Hitt    b  Trans. 

v.. i.    20, 
24,  1921, 
;  •  .  '••.■•         Id«I'i<  i  i\, .     heal  Ing,    1  i  am .    Am,    i  ;i<-<t  ro- 

ll.,  i  ■  .•  Induct i"n  elect rlca i  furnace, 
i    •    i     <   ,     .  tal  foi   pipe 

lo  tnc  aaold 
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brass  melting  furnace,  of  nichrome  or  Monel  metal.  This  focus  in- 
ductor may  be  grounded  so  that  the  high  tension  primary  is  within 
two  grounded  guards.  The  focus  inductor  also  tends  to  increase  the 
"close  coupling"  of  the  primary  and  secondary  circuits,  though  it 
has  the  disadvantage  of  introducing  something  beside  the  material 
to  be  melted  and  the  crucible  containing  it  in  the  hot  zone,  which  is 
against  reliability,  and  limits  the  temperatures  obtainable  to  the  safe 
operating  temperature  of  the  material  used  for  the  inner  portion  of 
the  focus  inductor. 

Condensers  are  fairly  reliable  and  long  lived;  if  properly  housed 
outside  the  furnace  room,  they  need  not  give  much  trouble.  In 
order  to  avoid  deterioration  of  the  condensers  by  overheating,  it  is 
necessary,  if  the  furnace  is  to  be  operated  24  hours  a  day,  to  pro- 
vide two  sets  of  condensers  so  that  one  may  be  cooling  off  while  the 
other  is  in  use,  for  artificially  cooled  condensers  have  not  been 
constructed. 

The  power  factor  of  a  Xorthrup  furnace  on  a  Tesla  circuit  runs 
from  50  to  60  or  To  per  cent. 

The  gap  requires  attention  about  every  500  hours  to  keep  it  in 
working  order,  and  about  1  pint  of  denatured  alcohol  is  used  every 
300  kw.  h.  For  small  installations,  such  as  in  the  physics  depart- 
ments of  universities  or  for  some  commercial  work  in  the  melting  of 
small  amounts  of  precious  metals,  the  Tesla  circuit  is  satisfactory. 

The  high-frequency  current  may  also  be  obtained  from  an  oscilla- 
tory current  high-frequency  generator,  which  has  been  built  up  to  a 
60-kw.  size,  or  from  a  high-frequency  alternator,  which  is  already 
commercially  built  in  200-kw.  or  larger  sizes,  and  would  probably 
be  the  best  commercial  source.  With  the  high-frequency  alternator, 
by  suitable  use  of  static  capacity,  the  power  factor  of  the  circuit  can 
be  made  unity. 

As  high-frequency  current  is  not  at  present  generated  or  trans- 
mitted by  central  stations,  a  foundry  wishing  to  utilize  the  Xorthrup 
furnace  must  either  be  content  with  a  comparatively  low-powered 
furnace  and  with  the  use  of  a  condenser  set  or  else  install  its  own 
hiirh-frequency  alternator.  The  high  voltage  used  at  usual  low  fre- 
quencies would  be  dangerous  to  life,  and  great  care  is  taken  to 
construct  the  furnace  so  that  it  is  grounded  to  avoid  shock.  It  is 
probable,  however,  that  at  the  high  frequency  employed  these  high 
voltages  are  not  dangerous,  as  in  a  test  made  by  the  Ajax  Electro- 
thermic  Cor]),  a  rabbit  withstood  the  full  voltage  without  injury. 

The  Ajax-Northrup  furnace  is  therefore,  so  far.  useful  for  research 
in  physics  and  metallurgy,  especially  as  the  furnace  can  readily  be 
constructed  as  a  vacuum  or  a  high-pressure  type  and  for  an  at 
present  limited  field  of  commercial  uses.  Over  80  Ajax-Northrup 
furnaces  have  been   installed    for  laboratory   use.     The    furnace  can 
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at  present  be  classed  as  ready  for  genera]  commercial  use  for 
ss  melting  under  existing  conditions.    The  ultimate  possibilities 
oi  this  type  of  furnace  are  great,  but  much  development  must  be. 
le  on  the  production  of  high-frequency  current  before  the  pos- 
sibilities in  brass  melting  can  be  realized.    The   furnace  itself  is 
>ly  much  closer  to  commercial  usefulness  than  the  generation 
of  the  current  it  requires,  and  it   is  now  of  commercial  value  for 
hamllin^r  the  more  precious  metals, 

^::uill  furnaces  for  commercial  metal  melting  have  been  sold  to 
o.  for  melting  platinum,  to  J.  R.  Wood  &  Co.  for  melting 
gold,  four  to  the  Philadelphia  Mint  for  melting  gold  and  silver 
I'l.  XXV.  p.  266),  and  a  nose-tilting,  three-phase,  GO-kw.,  550- 
pound   furnace  was  put   into  operation,  melting  silver,  at  the  plant 
Sandy  X  Harmon,  in  dune.  L920  (see  PI.  XXII,  #,  p.  2&2).     By 
the  a  three-phase  system  it  was  possible  to  secure  a  decidedly 

ty  in  a  given  condenser  than  he  fore.    The  power  factor 
around  To  and  tin-  furnace  melts  sterling  silver  at  about  250  kw. 
ton. 

of    the    Mint1"    speaks    very    highly    of   the    Ajax- 
I  at  the  mint  for  melting  silver. 
A  the  Ajax-Noithrup.  called  an  "electric  crucible," 

I  hearth.     This,  for  melting  brass  or  other  mate- 
ria: electrical  conductivity  which  are  not  contaminated  by 
with  graphite.      Melting  can  be  done  by  the  current 
icb  metals,  but  not  bo  rapidly  nor  so  efficiently  as  when 
lining  b  used.     Materials  of  high  resistance,  such  as 
I,  do  not  require  tin-  conducting  lining. 

I      it!  irrounding  coil  is  mounted  in  a  box-like 

ffhich    may    be    lifted   oil    bodily   just    like   a   crucible,   and 

tli  a  3]  shank,  or  it   may  be  tilted  for  direct  pouring. 

A   I  .   i  trnace  of  this  type  It  being  tried  out   at,  the 

.  i 'nt  form  efficient  is  shown  by  a  iv<\ 

furnace   which   melted   COpper  at    (lie   rate  of  about  240 
'  power  from  ;m  A  lcxanderson  alternator.     With 

ron  a  oondei  ;.  the  power  consumption  was 

>.   pel    tOU   when  the  power  losses  in   the 

ere  included. 

i   "ii    of   the   Charge,   the    metal    flowing 

■  of  the  crucible  and  downward  at  thi  on 

ke   the    \  j;iN-\\'yatt    jn   that   the  heat   is 

in  the  meta]  itself,  and  in  that  a   forced 

Mini  f.,r  the  ■  i  .  oded  June  BO, 
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circulation  is  set  up.  It  has  no  secondary  loop  in  which  a  freeze-up 
will  ruin  the  lining,  and  all  the  metal  can  be  poured  or  tapped  from 
the  furnace  when  made  in  the  noncrucible  type.  It  is  therefore  free 
from  the  limitations  of  the  Ajax-Wyatt  as  to  changing  from  one 
alloy  to  another,  and  it  can  handle  pure  copper  as  well  as  alloys  high 
in  zinc.  It  does  not  have  to  be  kept  hot  over  night.  It  is  almost  as 
efficient  on  a  first  heat  as  it  would  be  after  a  week  of  24-hour  opera- 
tion per  day,  because  the  thin  heat  insulation  used  in  order  to  get 
"  close  coupling  "  is  so  small  that  there  is  very  little  heat  storage  in 
the  walls.  The  use  of  thin  walls  may,  of  course,  reduce  its  mechani- 
cal stability.  However,  the  freedom  from  complications  in  the  hot 
zones,  no  electrodes,  no  resistor,  no  secondary  loop,  makes  it  promise 
to  have  sufficient  mechanical  reliability.  The  condensers  supplied 
with  the  Tesla  outfit  are  guaranteed  for  one  year.  The  price  of  the 
60-kw.  furnace,  Tesla  circuit  outfit,  for  220-volt,  60-cycle  power,  was 
given  in  June,  1920,  as  $6,750  for  the  crucible  lift-out  and  as  $7,000 
for  the  trunnion  tilting  form.  That  of  a  25-kw.  furnace  of  the  port- 
able "  electric  crucible  "  type,  holding  10  pounds  of  aluminum  or  30 
pounds  of  copper,  was  given  as  $3,350  in  1921. 

The  combination  of  efficiency  and  flexibility  makes  the  furnace  per- 
haps the  most  promising  of  all  for  ultimate  use,  provided  it  can  be 
satisfactorily  developed  into  larger  sizes  and  high-frequency  current 
can  be  almost  as  readily  and  cheaply  obtained  as  ordinary  alternating 
current  is  now.  As  high-frequency  current  can  not  well  be  applied  to 
the  ordinary  uses  of  electricity,  the  furnace,  while  an  excellent  appli- 
cation of  scientific  ingenuity,  does  not  seem  likely  to  displace  the 
common  alternating-current  furnaces  in  the  immediate  future.  Its 
present  field  is  in  the  laboratory,  as  a  tool  for  experimental  work,  and 
in  the  commercial  melting  of  precious  metals  such  as  gold,  silver,  and 
platinum. 

ELECTRIC  MELTING  OF  ALUMINUM. 

The  foregoing  description  of  the  various  electric  furnaces  lias  dealt 
mainly  with  brass.  One  more  very  important  class  of  nonferrous 
alloys,  the  light  aluminum  alloys,  should  also  be  considered  in  con- 
nection with  electric  melting. 

Detailed  information  on  electric  melting  of  aluminum  is  about  at 
unavailable  as  that  on  electric  brass  melting  was  a  few  years  ago.  ami 
it  is  necessary  to  consider  this  subject  more  as  theory  than  from 
present  practice* 

According  to  data  recently  gathered  by  the  Bureau  of  Mines,20 
about  45,000  tons  of  light  aluminum  alloys  are  produced  in  the  United 

» Anderson,  R.  J.,  Light  aluminum  alloy  castings:  'IV.-h.  Paper  287,  Bureau  of  Mines, 
1922,  .",u  pp..  J  pis.:  Analyse  loss  in  aluminum  (hops:  Foundry,  roL  W,  1920,  p.  989,  vol. 
19,  1921,  pp.  16,  •">  i.  104,  1  IS    188. 
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r,  around  98  per  cent  being  aluminum-copper  alloys 
and  only  LJ  per  cent,  or  760  tons,  being  aluminum-zinc  or  aluminum- 

\   -  ogle  electric    furnace  of  around    1-ton  capacity  Could   melt  all 

taining  aluminum  alloys  produced  in  the  country  and  not 

have  t<>  work  much  over  10  hours  a  day  to  do  it.     As  it  is  only  the 

staining  aluminum  alloys  in  which  there  is  any  noteworthy 

laiilization.  it  is  plain  that  the  situation  in   regard  to 

aluminum    is    diametrically    opposed    to    that    in    brass.      Oxidation 

D d  good  metal  is  entangled  in  and  skimmed  off  with 

:»ut  the  it  t   loss  of  metal  in  melting  the  standard  No.  12 

alloy  is  probably  u  1  or  2  per  cent.    Moreover,  those  who  have 

the  ii  iperience  in  the  electric  melting  of  aluminum  doubt 

win  starting  with  the  same  charge,  an  electric  furnace  will  save 

than  a  well-operated  fuel-fired  furnace,  to  make 

in  the  cost* 

t  aluminum  is  melted  either  in  iron  pots  or  in  some  type  of 

furnace.     Where  it  is  still  melted  in  graphite  crucibles, 

a  rel  -lively  Kong  life,  hence  two  of  the  outstand- 

melting — reduction  of  metal  losses 

t  high  crucible  cost — do  not   obtain  in  any  marked 

trie  aluminum  melting.     On  aluminum,  therefore,  elec- 

If  by  quality,  ease  of  control,  decreased 

I  electric  power  than  of  fuel  required. 

-\-    to  qualit  who  has  tried   electric  melting  seems  to 

ly  melted  aluminum  is  of  good  quality,  and  some 

or  may  be  of  superior  quality .    Perhaps  because 

putatios  of  the  electric  furnace  on  the  score 

•   milling  other   alloy-,  some  aluminum    founders  are 

may  do  away  with  cracks,  draws, 

p  may  at   least  eliminate  the  possibility  of 

riginating  in  the  melting  of  the  metal,  thus  leaving 

I  and  one  molding  and  core  causes  that  may 

■ 

I  ing  the  produd  for  porosity21 
•  -  furnace  offers  possibilities,  but  even  the 
I  and  contradictory.     It  can  be  said  with 
lucing  atmosphere  is  better  for 

LS8    than    an    oxidizing    atmosphere. 

lizing  atmosphere  over  an  iron-pol   furnace 
'      i-h   Furnaces  can  produce  good 

B,  oil  ford  aluminum    furnace 
and    that  thifi   type  can   also 


22    L920,  p.  L08L 
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produce  good  metal  as  well  as  bad,  one  is  not  justified  on  present 
data  in  jumping  to  a  conclusion  that  an  electric  furnace  need  be 
good  for  aluminum  because  it  may  have  a  reducing  atmosphere. 
Overheating  in  an  electric  furnace  seems  to  favor  the  absorption 
of  gases  and  the  production  of  castings  containing  tiny  pinholes  in 
exactly  the  same  manner  as  it  does  in  fuel-fired  furnaces. 

Neither  on  the  score  of  theory  nor  recorded  foundry  tests  of  elec- 
tric aluminum  furnaces  can  we  then  assume  any  definite  direct  ad- 
vantage for  the  electric  furnace,  save  perhaps  in  the  elimination  of 
hard  spots  in  the  castings  due  to  iron  scale  from  the  iron  pot,  an 
advantage  shared  by  fuel-fired  hearth-type  furnaces  as  well. 

In  ease  of  control,  there  is  a  real  advantage,  because  of  the  great 
effect  that  the  rate  of  solidification,  which  is  chiefly  controlled  by  the 
pouring  temperature,  has  on  aluminum.  Though  it  has  never  been 
satisfactorily  explained,  and  hardly  fully  proved,  there  is  a  general 
idea  that  aluminum  once  overheated,  and  it  may  be  in  either  a  reduc- 
ing or  oxidizing  atmosphere,  is  thereby  irreparably  injured,  even 
though  it  be  poured  at  the  proper  temperature.  If  this  be  so,  then 
an  electric  furnace  of  a  type  not  too  sluggish  in  its  response  to  changes 
of  power  input  might  be  an  advantage,  and  its  use  at  any  rate  should 
make  careful  pyrometric  control  of  pouring  temperatures  easier. 

FURNACES  USED  BY  GENERAL  ELECTRIC  CO. 

The  General  Electric  Co.  uses  a  small  75-kw.  furnace  like  their 
older  type  of  electric  brass  furnace,  holding  some  75  or  100  pounds 
of  aluminum  to  melt  a  nearly  pure  aluminum  which  must  flow  very 
freely  as  it  must  run  down  through  the  slots  in  a  motor  rotor.  This 
rotor  casting  is  made  in  an  ingenious  centrifugal  casting  machine, 
and  to  secure  the  desired  results  the  temperature  and  fluidity  of  the 
metal  and  the  speed  of  the  centrifugal  device  must  each  be  just  right. 
The  control  over  the  metal  made  possible  by  the  furnace,  and  the 
fact  that  the  furnace  itself  is  automatically  operated,  is  considered 
to  make  the  obtaining  of  good  results  more  certain  and  easy  than 
with  a  fuel-fired  furnace.  This  furnace  has  been  in  use  over  a  year 
and  a  half  without  relining.  the  only  difficulty  being  that  an  accretion 
of  oxide  in  the  hearth  has  cut  down  the  hearth  capacity.  On  account 
of  the  low  pouring  temperature  of  aluminum  compared  to  brass  or 
bronze,  almost  any  type  of  electric  brass  furnace  applied  to  aluminum 
should  have  very  little  difficulty  in  maintaining  the  refractories. 

The  General  Eled  ric  ( '<».  also  uses  8  larger  furnace  of  the  same  type 
of  about  800  pounds  capacity,  L60  kw.,  for  ordinary  aluminum  cast- 
ing work.    Tt  has  also  designed  a  very  large  furnace  holding  several 

tons,  which  it  hope-  to  try  out  experimentally.    The  design  calls  for 

a   long,   rather  narrow   hearth   with   a   weir  or  a   dividing   wall    with 
a  hole  in  it.  about  halfway  up,  between  the  two  part-  of  the  hearth. 
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i  be  charged  at  the  back,  melted,  and  clean  metal,  free 
from  dross   Boating  on  top,  or   from   foreign   particles  heavier  than 

tlu'  metal,  la  to  run  through  into  the  fore  part.  The  rate  of  melting 
in  the  rear  part  of  the  hearth  and  of  superheating  to  pouring  tem- 
ture  in  the  fore  part  ean  he  regulated  by  adjusting  the  position 
of  the  electrodes  along  the  front  or  rear  to  generate  more  or  less 
power  a-  desired.  This  Bcheme  oilers  some  possibilities,  hut  they  must 
be  tried  out  before  their  value  is  certain. 

The  General  Electric  Co.  is  building  still  another  type  of  electric 
aluminum  furnace  to  he  tried  out  at  the  Pittsfield,  Mass.,  plant,    This 
i^  a  rectangular  tilting  furnace,  like  a  lon*r  box,  the  health  occupy- 
the  lower  part,  the  beating  element  being  strips  of  nickel-chro- 
mium resistance  ribbon,  such  as  is  used  in  the  heat-treating  fur- 
Daoee  lor  Lrun  forgings.*1    The  heating  element  is  placed  not  only 
•  f  proper  hut  also  on  the  sides  above  the  hearth.     Such  n 
•    will   DOi   Stand  operation  at   temperatures  sufficient  to  melt 
brass,  but  it  may  handle  aluminum  at  a  repair  cost  that  will  not  be 
prohibitire.     One  factor  Leading  the  General  Electric  Co.  to  build 
iras  i  desire  to  secure  comparative  data  on  the  effect  of 
atmosphere  this  furnace  will  have  against  that  of  the 
phere  in  the  arc-resistanee  type  used  both  for  brass 
and  aluminum. 

arc-resistance  furnaces  for  use  on  aluminum 

for  1"  ivc  that   the  transformer  capacity  and 

input  are  lower  for  the  same  size  shell  than  on  brass.    They 

<*  following  table  \'<>r  different  sizes  <>n  basis  of  24-hour  opera- 

:.  after  rurnace  be  fully  hot  i 

claim*  for  <;<inr<ii  Electric  aluminum  furnace. 


•  Ml.      S™f*2£]     Appmx 


500 

780  500 


kw.  furnace  is  regularly  operating  on  No. 

the  plant  of  the  Dayton  Engineering  Laboratories 

Ohio.    A  d  on  the  furnace  showed  an  output  of 

-    actual  hours  melting,  phis  l  hour  pre 

■  it    of  L25  pounds  each.    The  average 

■:  from  620  to  67fi  kw.  h.  per  ton.    The  Delco 

•II     atisfied  with  the  furnace. 

Iron  Trade  Rerlew,  1919,  p.  n."-'.'?. 
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At  the  plant  of  Landers,  Frary  &  Clark,  New  Britain,  Conn.,  one 
of  the  50-kw.  rectangular  Baily  furnaces  was  operated  for  about  two 
months  before  it  was  taken  out  on  account  of  trouble  in  maintaining 
the  resistor  trough,  to  be  later  replaced  by  the  round  type.  This 
furnace,  melting  9  hours  per  day  and  being  preheated  4  hours,  gave 
on  150-pound  heats  an  output  of  \  ton  per  day,  at  850  kw.  h.  per  ton. 
The  net  metal  loss  was  about  0.7  per  cent. 

One  of  the  105-kw.  Baily  furnaces  was  tried  out  some  years  ago  by 
the  Aluminum  Co.  of  America  for  making  ingot  from  pig  aluminum, 
but  was  not  kept  in  service,  being  considered  too  small  for  such  work, 
and  not  showing  any  particular  advantage  as  to  metal  losses. 

A  big  500-kw.  tapping-type  Baily  furnace  was  later  installed  at  the 
plant  of  the  United  States  Aluminum  Co.,  at  Massena,  X.  Y.  This 
type  has  been  described  by  Miller.23 

It  has  two  straight  resistors,  one  on  each  side  of  the  hearth,  and 
held  3  to  4  tons  of  aluminum.  In  this  furnace,  according  to  the 
users,24  under  best  conditions  and  continuous  operation,  the  produc- 
tion was  about  1  ton  per  hour  at  slightly  under  500  kw.  h.  per  ton. 
The  furnace  was  primarily  installed  for  making  alloys  high  in  zinc, 
and  on  such  service  it  showed  a  notable  decrease  in  metal  loss  over 
the  fuel-fired  reverberatory  furnaces.  But  on  the  regular  run  of 
aluminum  there  was  no  decrease  in  metal  loss.  The  resistor  troughs 
have  been  a  source  of  trouble,  failing  frequently,  and  the  high  heat 
capacity  of  the  furnace  makes  it  less  efficient  on  intermittent  opera- 
tion, the  power  consumption  averaging  some  700  kw.  h.  per  ton  on  the 
furnace  as  actually  operated  over  a  period  of  time. 

As  a  consequence  of  the  high  power  consumption  the  use  of  the 
furnace  has  been  practically  given  up,  and  its  owners  contemplate 
changing  it  over  into  an  annealing  furnace,  as  such  furnaces  give 
very  satisfactory  results  at  the  lower  operating  temperatures  used  in 
annealing. 

It  should  be  mentioned  that  a  105-kw.  Baily  furnace  has  long 
been  in  satisfactory  operation  at  the  Lumen  Bearing  Co.,  Buffalo, 
X.  Y.,  on  an  alloy  of  around  85  per  cent  zinc,  10  per  cent  copper,  5 
per  cent  aluminum,  which  is  poured  at  about  700°  C.  The  furnace 
gives  around  5,500  pounds  per  10-hour  melting  day,  using  about  660 
kw.  h.  in  the  daytime  and  330  at  night  to  keep  the  furnace  hot,  or 
about  360  kw.  h.  per  ton  on  this  low-melting  alloy.  The  use  of  the 
large  1  .()()< )-k\v.  Baily  furnace  installed  at  the  Anaconda  Copper 
Mining  Co.  has  been  discontinued. 

A  few  isolated  heats  of  aluminum  have  been  made  in  Snyder 
direct-arc  furnaces,  but  no  data  of  consequence  are  available.     If 

Miller,  r>.  i>..  The  remelting  of  aluminum  pig  in  the  electric  furnace,  Chen,  ami  Met. 
Ens.,  vol.  19,  1018,  p.  251. 
24  Vail.  a.  i:..  Persona]  communication,  Jan.  21,  1920. 
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t-arc  furnace  will  produce  b  satisfactory  quality  of  metal, 
thouf   andue  gas  absorption   in  the  overheated  metal   under  (he 
h    a    fun  should    work    well.     The    common    aluminum 

outside  of  the  sine-containing  alloys,  are   relatively  non- 
ad  in  general,  direct-arc  furnaces  are  useful  for  such  alloys. 
This  q  ought  to  be  investigated,  and  the  Bureau  of  Mines 

idy  it. 

elt  indirect-arc  furnace  in  a  small  50-kw.  size  Avas 

used  by  the  Acieral  Co.  of  America  in  making  up  ''hardeners,"  but 

i  the  aluminum  alloy  it-elf.  before  that  firm  went  out  of 

S  milar  hardeners  are  now  handled  in  this  furnace,  Using 

kw.  transformer  capacity,  at  the   Bausch   Machine  Tool   Co., 

Sprit         Id,   v  No  real  teste  of  stationary  indirect-arc  furnaces 

mi  aluminum  alloys  themselves  are  on  record.    On  the  basis  of  some 

a  in  the  60-kilowatt  furnace,  made  by  starting  with  the 

fur-  Mir,-  used  for  making  hardeners,  and  therefore 

well  above  aluminum  temperatures,  it  was  calculated  that  in  a  1-ton 

fun  rw,  h.  would  be  required,  presumably  on  24-hour  opera- 

:  ere  Liter  revised  t<>  850,  but  neither  figure  is 

based  on  adeq 

«  »  standard  1  rocking  furnaces  rated,  at  300  kw.  was 

given  a  thinner  lining  than   for  use  OB   brass,  the  melting  chamber 

beii  r  by  11  inches,  the  furnace  thus  lined  hold- 

pounds  of  aluminum,  and   was  tested  at  the  C.  B.  Bohn 

t.    'I'hc  power  input  was  raised  to  325  to  375  kw., 

of  N<>.  1_.  the  actual  melting  time  averaged 

•.    1"  miim  '    beat,  corresponding  to  an  output  of 

L0-hour  day,  at  about   17r>  kw.  h.  per  ton.    The  net 

iged  about  0.85  per  cent,  running  about  0.4  per  cent 

ip  So.  L2  and  gates,  and  up  to  1.3  percent  on 

I      I     ippeared   to  contain  some  nonnietallic  im- 

pur  hed  in  a-  metal.    It  Lb  also  possible  that  there 

lion  of  aluminum  carbide  ^hw  to  piling  the  charge 

in-  on  the  French  metal  which  were  made 

■    from  both  the  French  and   American  metals  was 

ir  quality.    A  1,200-pound  Detroit  furnace  is  operating 
■M     d    !'   ik  Pol  a  h  (  o..  Denver. 

I     i     -   n  tried  on  aluminum. 
I'  '•'  'n  aluminum  show  a  high  power 

ton  of  metal  compart  d  to  that  required  by  the  game 
fun  .    The  fie  ,.  ()n  [0-hour  operation  from 

pound  heats,  through  650 

ly    on     Impound    heats,   to     175 

D  r00  pound  heats,  and  the 

■••-  for  the  '.:  to  i  ton  Baily  tapping  furnace, 
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and  for  the  1,000  to  1,400  pound  General  Electric  furnaces,  are  500 
kw.  h.  per  ton  under  the  best  conditions.  Roughly,  a  given  size  and 
type  of  furnace  requires  at  least  50  per  cent  more  power  per  ton  to 
heat  aluminum  to  700°  C.  than  it  does  yellow  brass  to  1,050°  C. 

In  fact,  theory  calls  for  the  expenditure  of  about  twice  as  much 
energy  as,  averaging  the  available  data,  100  per  cent  melting  efficiency 
calls  for  about  150  kw.  h.  per  ton  for  yellow  brass23  and  300  kw.  h. 
per  ton  for  Xo.  12  aluminum.26 

In  fuel-fired  furnaces  the  difference  in  fuel  consumption  is  not  so 
marked  because  such  furnaces  operate  at  a  higher  efficiency  the  lower 
the  temperature,  so  that  a  given  fuel-fired  furnace  can  probably  pro- 
duce a  ton  of  aluminum  with  not  much  more  fuel  than  it  would  use  on 
yellow  brass. 

As  there  are  no  such  savings  in  metal  losses  and  in  crucibles  as  in 
brass  melting,  and  there  is  no  definite  proof  of  improved  quality  of 
metal,  the  value  of  electric  furnaces  for  aluminum  depends  on  whether 
or  not  an  aluminum  melter  can  melt  cheaper  by  paying  perhaps  $7  to 
$10  or  more  per  ton — depending  on  the  cost  of  power  and  the  size  and 
type  of  electric  furnace  chosen — for  electric  power  plus  the  interest 
and  depreciation  charges  per  ton  on  an  expensive  furnace  (that  will 
give  only  a  small  output,  compared  to  brass,  of  aluminum)  than  by 
paying  his  present  fuel  costs.  At  1920  fuel  prices  he  might  often  do 
so,  but  he  seldom  has  the  incentive  of  so  great  a  saving  as  to  make  a 
change  imperative.  On  the  other  hand,  the  larger  aluminum  founders 
may  often  have  so  large  an  output  that  the  large  amount  of  electric 
power  they  would  use  for  melting  would  come  at  a  low  figure  and 
make  a  respectable  saving.  Similarly,  plants  melting  brass  elect ri- 
cally  could  add  electric  furnaces  for  their  aluminum  and  could  often 
get  the  added  amount  of  power  required  at  a  rather  low  figure.  Con- 
venience, coolness,  and  cleanliness  of  the  electric  furnace  might  also 
be  deciding  factors. 

But  any  use  of  electric  furnaces  for  aluminum  comparable  to  that 
for  brass  will  be  a  slower  development,  unless  it  is  definitely  proved 
that  some  electric  furnace  operated  in  some  particular  manner  will 
really  improve  the  quality  of  the  metal  and  will  materially  cut  down 
the  percentage  of  defective  castings.  There  is  a  good  chance  that 
this  may  he  possible,  but  it  has  not  yet  been  demonstrated.    Another 

ompare  Richards,  J.  w.,  Electric  power  required  to  melt  metals,  Trans.    \i 
Founders'  Assn.,  vol.  4.  1910,  p.  95.     Clamer,  Q.  n  .  and  Bering,  «'..  The  electric  furnace 
for  brass  melting,  Trans.  Am.  fast.  Metals,  vo\.  »">.  1912,  i>.  101.     Hansen,  C.  a..  Bl< 
melting  of  copper  and  brass,    Trans.  Am.  Inst.  Metals,  veil  6,  l - » 1 1_' ,  p.  112.     Also  unpub- 
lished data  from  Bridgeport   Bi 

"Compare  Laachtschenko,  P.  N.f  Bpectflc  heal  of  aluminum:  Jour.  Boas.  Phya.  Cbem. 
goc.,  vol.  10,  No.  56,  1914,  p.  ."'.11  ;  If  erica,   P.   i>.  aluminum  ami  Its  light  alloys:  r.  s. 
Bureau  of  Standards,  Circular  7<;.   1919,  p.  2T;  RTHst,  P.,  Menthen,  a.,  and   imrr.i 
Thermal  constants  of  technical  materials:  Zett.  Instrumentenkunde,  vol.  :;:».  1919,  p.  294; 
Chem.  Abstr.,  vol.  14.  1920,  p.  1241. 
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>sible  use  for  electric  melting  furnaces  which  has  yet  to  be  thor- 
monstrated  is  In  melting  cathode  copper. 

DIRECT-ARC    AND    OTHER    FURNACES    FOR   MELTING    CATHODE 

COPPER. 

Lyon  and  Keeney*1  point  out  that  the  purity  and  condnctivity 
pper  are  reduced  by  the  impurities  introduced  in  rever- 
itory  melting  and  that  it  is  possible  to  melt  it  in  the  electric  fur- 
6  without  the  absorption  of  impurities. ~s    The  possible  application 
of  the  various  types  of  furnace  available  in  L914  is  considered.    The 
horizontal  ring  induction  furnace  is  barred  out  because  of  troubles 
•ii  pinch  effect  due  to  the  high  conductivity  of  the  material;  the 
pinch-effed    furnace  is  similarly  barred  because  of  the  low  voltage 
itionary  indirect-arc  furnace  is  considered  a  possi- 
bility but  on  account  of  the  cost  of  upkeep  is  not  thought  to  be  as 
promising  lirect-arc  typo  with  a  nonconducting  bottom,  such  as 

FTeroult 
rible  1"--  nf  r  by  volatilization,  according  to  Lyon  and 

K  prevented  by  the  use  of  a  slag.     In  experimentally 

ntion  of  a  direct-arc  furnace  on  copper,  however,  it 
ailed  that  there  have  been  severe  and  almost  fatal  cases 

of  j    from  melting  copper  under  a  direct  arc.     Suit- 

abl(  should  1"'  provided,  and  masks  or  respirators  sup- 

-t    until   it   has   been   shown   that,  under  the  conditions 

the  furnace  will  be  operated,  there  is  no  possible  danger 

The  power  consumption  is  calculated  to  be  about 

in    i  25  ton  direct-arc  furnace.    No  commercial 

n  of  t!  trie  furnace  to  the  melting  of  cathode  copper 

ap]  been  made.    The  superintendent  of  a  larjre  copper 

roll  ;l  said  in  1917  that  the  remelting  of  cathode  copper,  even 

•  .lit  lots  of  conductivity,  must  !•<■  done  at  a  cost  of  not  over  $1.50 

that  power  would  have  to  be  considerably  cheaper  than 

r  kw.  h.  to  make  electric  melting  possible. 

athode  copper  can  be  melted  electrically  without 

r  poling  and   with  only  the  sulphur   from   the  ropper-snl- 
Ined   in  the  cathode  as  charged   and  riles  two 

kw.  furnace.    The  cathodes  were  sheared  to 

-.  uhirh  occlude  more  electrolyte,  from  tie-  centers. 

''  '.•   copper  in  the  electric  furnace:  Am. 

tins  ro|         i  in  ih.   eli  -  iii--  furnace  :  Am. 
••    2117. 

•  r  in.  iti'  eta!      Cta<  in.  .Hid  Met 

ex  ..  v., i.  :;:.    L919,  p.    Hi. 
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Quality  of  copper  melted  in  a  Baily  furnace. 
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Charge. 

Anal}-sis. 

Conduc- 

Cu. 

0. 

S. 

tivity. 

Heat  A 

Cathode  edges 

99.904 
99. 9.30 

0.0S4 
0.036 

0.0021 
0. 0012 

Per  cent. 
100.1 

Heat  B 

Cathode  centers 

100.8 

Baily  says  that  the  large  resistor  type  of  furnace  tried  for  zinc 
cathodes  will  be  used  for  melting  cathode  copper.  The  contrary 
opinion  has  already  been  cited  of  a  copper  rolling  mill  which  has 
used  a  105-kw.  Baily  furnace  for  brass,  but  does  not  consider  the 
resistance  type  worthy  of  consideration  for  large-scale  copper  melt- 
ing. Some  interest,  however,  has  been  shown  by  the  larger  melters 
of  cathode  copper  in  the  possible  adaptation  of  General  Electric 
and  Foley  furnaces  for  this  purpose. 

The  General  Electric  furnace  has  been  operated  at  the  United  States 
Copper  Products  Co.  on  new  copper  with  some  heavy  tube  scrap. 
The  quality  of  the  product  is  said  to  be  satisfactory  when  no  metallic 
impurities  are  present  and  the  copper  is  poled  prior  to  phosphorizing. 
The  furnace  is  said  to  be  much  less  satisfactory  for  pouring  a  pure, 
tough  pitch,  unphosphorized  copper. 

A  Detroit  rocking  indirect-arc  furnace  has  been  used  for  melting 
cabbaged  copper  wire  and  scrap  copper  into  wire  bar,  and  its  users 
state  that  metal  of  100  per  cent  conductivity,  Mathiesen  scale,  is  pro- 
duced without  the  use  of  fluxes  or  deoxidizers.  The  charge  must,  of 
course,  be  free  from  metallic  impurities.  The  Bennett  contact- 
resistance  furnace  is  also  said  to  be  satisfactorily  employed  in  melt- 
ing pure  copper. 

The  electric  furnace  has  a  big  advantage  over  crucibles  for  melting 
brass  in  that  it  can  readily  produce  equal  quality  in  larger  melting 
units,  but  it  is  at  a  corresponding  disadvantage  in  melting  cathode 
copper  in  that  no  electric  melting  furnace  has  yet  been  built  with  a 
capacity  of  over  40  tons  of  molten  steel,  and  few.  if  any,  with  over 
10  to  15  tons  capacity  have  been  built  to  melt  cold  stock,  whereas 
reverberatorv  copper  furnaces  often  take  200  tons  and  upward  per 
charge. 

Moreover,  it  is  stated  M  that  recent  advances  in  reverberatorv  prac- 
tice have  allowed  the  use  of  high-sulphur  oil  for  reverberator?  melt- 
ing of  cathodes  without  trouble  from  sulphur  in  the  wire  bars. 

The  upkeep  of  the  refractories  in  a  direct  or  indirect  arc  furnace, 
the  only  types  likely  to  prove  efficient  enough  in  the  use  of  power 


"OHydromotnllurjry  and    pprometftlhirgy   of  copper   in    1010,   Choni.   and    Mot.    fBng.,   vol. 
22,    1920,  I-.  7. 
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unless  induction  furnaces  are  developed  enough  to  be  applicable,  is 
almost  certain  to  be  more  difficult  than  in  a  fuel-fired  reverberatory, 
and  until  this  factor  ran  be  overcome  the  Large-scale  electric  melting 
ithode  copper  doi  seem  likely  in  the  near  future. 

CHOICE  OF  A  FURNACE. 

In  choosing  an  electric  furnace  for  a  given  plant,  or  in  selecting 
two  furnaces  for  comparative  test,  the  first  thing  to  consider  is  Jhe 
all«  i'  melted,  so  that  the  furnace  chosen  may  he  metallurgically 

the  work  in  hand  and  for  the  range  of  alloys.     For  nickel 
chromium  and  Monel  metal  one  can  use  the  Heroult,  Snyder,  Greaves- 
hell,  or  the  Kcnnerfelt.  and  possibly  the  rocking  type  or  the  Gen- 
Electric.    The  two  hitter  would  be  at  a  disadvantage  because  the 
refractories  ordinarily  used   in  them  are  not  meant  for  use  at  such 
high  temperatures.    The  possible  application  of  the  direct-arc  type 
t..  pure  copper  depends  on  the  true  answer  to  the  yet  unsolved  ques- 
uh.ther  there  will  he  poisoning  of  the  workmen  by  vola- 
tile The  General  Electric  furnace,  though  used  on  copper. 

iderable  trouble  in  maintaining  the  roof  on  ac- 

•   the  high  temperature.     On  gun  metal  one  can  probably  use 

of  tie*  furnaces.     On  u85  5  6  -V*  the  point  in  zinc  content  at 

winch  rc  furnace  will  not  cause  too  great  loss  of  zinc,  has 

n  passed. 
I  I  i  lead.  17  zinc  one  could  use  any  type  save  the 

.  but  the  Rennerfeh  begins  to  have  trouble  through  vola- 
tilization of  I  ad  the  lead  content   i-    near  the  upper  limit  for 
t  the  |  g  of  the  Ajax. 
A                     I       standing  consideration  on  alloys  high  in  lead  or 
whether  a  thorough  mixture  of  the  alloy  isessen- 

Idng    type   on    the    high    lead    alloys    and    the 

u  yellow  are  indicated,  as  against  the 
lire  hand  stirring  to  insure  thorough  mixing. 
When  th  entirely  fit  metallurgically  are  chosen 

should  be  low.  and  practically 

0  that   the  choice  of  an  individual    furnace 
ban  the  met;, |  (OSS,  though  that   may  often  be 

m  <•]  ■  electric  furnao  to 

melted  in  the  same  furnace  mvtsi  be  con- 
firm making  both  ordinary  val  brass  and 
M  melt  the  former  in  b  Rennerfeh  and  the  hitter  in 
if  it  1  '  production  to  keep  the  Rennerfelt 

o».  yello  ould  have 

of  both  furnaces.    But  if  the  same 
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furnace  must  be  able  to  melt  a  heat  of  red,  followed  by  one  of 
yellow,  neither  furnace  will  do,  and  the  choice  must  be  made  from 
the  furnaces  that  will  handle  both  alloys.  The  metallurgical  fitness 
of  the  various  furnaces  is  shown  in  Table  54. 

When  the  possible  furnaces  have  been  separated  from  those  that 
are  unfit  on  the  basis  of  metallurgical  ability  and  versatility,  the 
choice  can  still  be  narrowed  down  further  by  considering  the  fur- 
naces as  to  their  fitness  on  other  lines.  A  rolling  mill  or  a  smelting 
and  refining  plant  that  can  operate  24  hours  a  day  and  can  use  almost 
any  amount  of  metal  any  time  it  is  ready  to  pour  has  a  different 
problem  from  that  of  a  small  jobbing  shop  that  plans  to  run  but  one 
shift  per  day  and  perhaps  requires  heats  of  various  alloys  and  in 
various  amounts  and  can  not  dispose  of  a  very  large  heat  at  one  time. 
The  next  thing  to  consider,  therefore,  is  the  daily  production  desired 
and  the  size  of  the  heats  needed.  A  further  sorting  of  the  furnaces 
may  be  made  to  select  a  type  and  a  size  of  a  given  type  suitable  for 
the  work.  A  rolling  mill  may  desire  to  pour  direct  from  furnace  to 
mold  and  hence  chooses  a  furnace  from  which  such  pouring  can  be 
done,  and  selects  one  taking  a  charge  that  will  just  fill  a  certain 
number  of  molds.  The  tendency  there  might  be  toward  not  too  large 
sizes  and  toward  the  more  compact  furnaces,  as  pouring  direct  from 
these  is  more  easily  controlled.  Another  rolling  mill  may  wish  to 
break  away  from  small  charges  or  small  ingots  to  see  if  econo- 
mies can  not  be  introduced  by  large  scale  units,  so  that  they  choose 
the  furnace  taking  the  largest  charge  from  among  the  otherwise 
suitable  ones. 

Table  ~>4. — Applicability  of  various  t>/pcs  of  electric  furnace  to  various  alloys. 


Alloys. 

Types  of  furnace-. 

Cr. 

Ni. 

Co. 

Sn. 

Pb. 

Zn. 

Ag. 

At 

Direct 
arc. 

Station- 
ary 

indirect 
arc. 

Moving 

indirect 

arc. 

Re- 
flected 

heat. 

Contact 

ance 
(Ben- 
nett). 

Vertical 
ring 

induc- 
tion. 

High 

fre- 
quency. 

1.-) 

O.K. 

o.  K. 

0.  K? 

?  1 

? 

? 

<>.  K   ? 

5 

07 

O.  K. 

O.  K. 

O.  K. 

?  1             ? 

? 

O.  K  ? 

25 

5 

95 

?2 

0.  K. 

O.  K.       O.  K.? 

? 

0.  K'.? 

100 

?2 

0.  K. 

O.  K. 

O.  K.        O.  K. 

<).  K. 

90 

10 

10 

o.  K. 

O.  K. 

0.  K.       O.  K? 

?3 

2 

0.  k. 

7>; 

i 

10 

1^ 

O.K.  5 

<>.  K.       ().  K.? 

3 

J 

.... 

<>.  K. 

:. 

5 

5 

0.  K. 

0.  K.        O.  K. 

O.  K. 

O.  K 

■>s 
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[pplicabUUy  of  various  types  of  chctric  furnace  to  rations  aUoys- 

Continued, 


Al! 

Types  of  furnaces. 

Fe. 

Or. 

Ca 

Pb. 

Zn. 

Ap- 

Al. 

Direct 

arc. 

Station- 
ary 

Indirect 

arc. 

Moving 
indirect 

arc. 

Re- 
Dected 
heat. 

Contact 

resist- 
ance 
(Ben- 
nett). 

Vertical 
ring 
induc- 
tion. 

Higo 

rre- 

quenoy. 

t 

5 

17 

No-5 

No-5 

0.  K. 

0.  K. 

O.K. 

0.  K. 

O.K. 

8 

40 

.... 

J4 

No  -:, 

O.  K. 

O.  K. 

? 

k  O.  K. 

0.  K. 

1 

15 



92 

■» 
? 

?  5 

<>.  K.? 
<>.  K. 

0.  K. 

<).  K. 
0.  K.'.' 

0.  k:: 

0.  K. 

O.K. 
O.K.? 
0.  K. 

? 
? 
? 
? 

?3 

?3 

?  3 

? 

O.K. 

0.  K. 

90 

0.  K. 

O.K.? 

O.K.     -Ft 


.•taUurgieall;.  ry   for 


—  Prot . 

tory  for  thi<  alloy. 
1-1  .   for 

goud  refractor\ 


2  —Question  of  copper  poisoning  by  fume 

from  direct  arc  not  yet  settled. 

3  «=  Induction  furnace  on  "this  alloy  would  re- 

quire resistor  tube  of  special  design. 

4  =  Lead  too  high  for  good  life  of  usuallining 

of  induction  Furnace. 
.">  Furnace  causes  loss  of  volatile  metal  from 

tlUa  alloy. 


A  firm  thai  can  dispose  of  metal  rapidly  desires  to  use  the  furnace 

best  production  in  the  one.  two,  or  three  shifts 
to  work,  and  the  bigb  rate  of  production  may  be  most  im- 
lation  to  labor  per  ton  of  melt,  to  floor  space,  or  to  the 
'   in  the  furnace. 

ELECTRIC  POWER  AVAILABLE. 

[f  ip,  convenience,  low  labor  cost,  or  the  avoid- 

t.  may  indicate  a  choice  of  a  furnace  relatively 

of  power,     [f  power  is  dear,  the  more  efficient  the 

:    power  the  more  likely  it    is  to  be  preferred. 

If  take  power   from   a   small  central  station,  the  size 

■     oi   the  furnace  load  must  be  such  that  the  central  sta- 

loacL     Furnaces  otherwise  Letter  fitted  for  the 

'   i  ■   fore  have  to  be  passed  over  in  favor  of  a  fur- 

••  with  ii  table  for  the  location.    Again, 

■   '    maces,  a  choice  ma\  be  made  on  the  basis  of 

»M»l  •  of  lining,  electrode  consumption  and  break- 

If  i  I  ery  high-powered  furnace  and  to 

ii  order  to  gei  a  high  rate  of  production, 
i  low-powered,  Inefficient  furnace  with 
•  I  refractory  troubles;  more  likely. 
thai  fall*  n  the  two  extremes. 
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SPECIAL  CONDITIONS. 

Finally,  after  the  most  suitable  electric  furnaces  have  been  selected, 
a  comparison  should  be  made  for  special  conditions:  The  alloys 
melted,  the  number  of  shifts  worked,  the  power  and  fuel  costs,  the 
labor  costs,  the  upkeep  costs,  the  metal  losses,  and  their  value,  and 
the  health  and  safety  conditions  of  fuel-fired  furnaces  already  in 
operation  or  chosen  from  the  various  available  types  and  sizes  of 
fuel-fired  furnaces  in  a  fashion  similar  to  that  employed  in  select- 
ing the  type  and  size  of  electric  furnace. 

In  this  comparison,  the  first  cost  of  the  electric  furnace  must  not 
be  forgotten,  though  it  is  often  neglected  in  the  comparisons  of  melt- 
ing costs  put  out  by  electric  furnace  makers.  One  can  either  in- 
clude an  interest  and  depreciation  charge  per  ton  based  on  the  sum 
of  these  items  per  year,  divided  by  the  yearly  output,  or  he  can  omit 
it,  and  then  figure,  from  his  calculation  of  the  savings  shown  by 
electric  melting  over  fuel-fired  furnace  melting,  how  long  it  will 
take,  at  the  rate  of  production  of  the  particular  electric  furnaces  con- 
sidered, to  pay  for  each  of  them  and  how  much  they  will  thereafter 
save  him. 

On  account  of  the  initial  cost  and  the  interest  charge  one  should 
not  install  so  many  electric  furnaces  that  some  will  stand  idle  most 
of  the  time,  being  there  simply  to  handle  small  peaks  of  production 
in  excess  of  the  normal ;  for  excess  production  a  plant  should  utilize 
fuel-fired  furnaces  of  lower  initial  cost. 

It  is  impossible  to  draw  up  any  accurate  blanket  comparison  of 
melting  costs  in  fuel-fired  furnaces  and  electric  furnaces.  Melting 
cost  in  fuel-fired  furnaces  varies  with  a  multitude  of  conditions,  and 
so  does  melting  cost  in  electric  furnaces.  When  the  varying  condi- 
tions are  known,  a  dollar-and-cents  comparison  is  the  most  striking 
and  convincing  method  possible. 

But  such  figures  are  of  little  real  value  unless  they  are  calculated 
for  a  particular  rather  than  for  a  general  case,  and  to  give  general 
figures  in  this  report  is  deemed  inadvisable.31  The  cost  figures  given 
in  the  advertising  literature  of  some  furnace  makers,  therefore,  will 
not  be  quoted.  Instead,  in  the  discussion  of  the  performance  of  the 
various  furnaces,  such  data  as  could  be  collected  have  been  given  as 
would  allow  an  individual  plant  to  make  the  calculation  of  melting 
costs  for  its  own  conditions. 

When  electric  brass  melting  is  a  little  older,  valuable  comparisons 
can  be  made  of  the  performance  of  two  or  more  types  and  sizes  of 
electric  furnaces  in  the  same  plant,  as  then  the  conditions  of  oper- 
ation of  both  types  can  be  made  similar.  A  number  of  firms  have 
two  or  more  types  of  electric  brass  furnaces,  and  one  firm  has  tried 

81  Compare  Bleetric  furnace  progress,  Metal  Ind.  vol.  17,  1010.  p.  230. 
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electric  furnaces  bul  it  is  unusual  that  more  than  one 
type  has  been  installed  long  enough  sp  thai  accurate  data  are  avail- 
able on  the  different  types  or  else  the  different  types  have  not  been 
on  the  same  classes  of  work.  Valuable,  accurate,  comparative 
data  on  performance  should  become  increasingly  available  from  these 
plant-  in  the  future. 

After  a    proper  type  and  size  of  electric  brass   furnace  has  been 
meet  the  specific  conditions  of  a  particular  plant,  the  fur- 
should  he  installed  and  operated  to  the  best  advantage. 

INSTALLATION  OF  AN  ELECTRIC  FURNACE. 

There  are  certain  points  in  the  installation  which  require  the  at- 

of  some  one  with  a  knowledge  of  electrical  engineering,  as 

Applied  to  electric  furnaces,  rather  greater  than  that  possessed  by  the 

ordinary  firm  of  electrical  contractors,  so  that  the  advice  of  either 

maker  or  the  central   station  should   always  be  taken 

nit'  .11   t<»  depend  entirely  on  a   plant  electrician  or  on  a  con- 

nostly  Center  around  the  fact  that  carrying 
v.  2,000  amperes  is  a  diff<  rent  matter  from 
/  the  much  smaller  currents  of  the  ordinary  power  or 
ircuit. 

the  proh1  involved   in  carrying  currents  of 

d  required  by  large  ferro-alloy  or  iron-smelting 

fui.  "im  to  1  o.di id  amperes,  as  taken  by  large 

•    .  the  problems  with  the  brass  furnaces,  even 
. 

d  one  of  the  Swedish  iron-smelting  furnaces,  taking 

the  lossei  en  the  transformers  and  the  furnace  were 

tod  of  running  the  lead-  from  transformers 

ith   another  the   losses  were  cut  to  285  kw.,  the 

:'        one  time  brought  up  from  70  to  90. 

Beride  tli*  tving  of  energy,  the  change  made  3,500  kw  a. 

ipiiUc  of  sending  mbre  energy  to  the  Uw 

k\ .  ;i.  sent  before. 

lew.  fir  L90  kw.  were  Inst  between  transfonn- 

•     kw.  in  (Ik-  leads  themselves  and  815  kw.  in  the 

•  ir   t!,<  Power    used    in    heating    Up 

■  tri<-  farnaa   .   Met  and  Cham.   Eng  .   roL   hi. 
rlc  f  i  j  r  r i .- 1 « ■   nmeltlng,  Chen    and  Met.  Ens 

-       '•"   i     •'•■■         '   ':-     '   •     t«*tmJon  conductor*  1 !*•<  t  ■  i<-  rn i-u.-m  «•  .  I .i.-< .  i:<-,.,  \<>i. 

■  i  i<-  i "hi  Daces,  Trang    Am. 

R    i      i.i.  I  cast  Ingi  .  Trims. 

\nov     i  for  and   capacity   of 

Editorial,  Tranafoi  men  for  elecb  Ic 
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leads  or  nearby  ironwork  never  gets  into  the  furnace,  but  it  has  to  be 
paid  for  just  the  same. 

In  a  Heroult  steel  furnace  of  about  1,300  kw.  it  was  found  that  the 
voltage  drop  in  one  of  the  leads  passing  near  some  structural  steel 
was  over  three  times  the  drop  in  another  similar  lead  more  remote 
from  the  steelwork.  The  leads  were  originally  made  up  of  bus  bars 
held  apart  to  allow  ventilation  and  radiation  of  heat  by  copper 
spacers,  which  made  the  whole  lead  essentially  one  big  conductor  in- 
stead of  several  separate  conductors  in  parallel.  By  merely  taking 
out  the  copper  spacers  and  inserting  insulating  spacers  the  voltage 
drop  was  decreased,  and  the  furnace  was  enabled  to  do  more  work 
and  to  make  its  heats  faster  and  at  a  lower  power  consumption. 

All  this  peculiar  behavior  of  leads  carrying  heavy  currents  is  due 
to  the  fact  that  alternating  current  travels  in  waves,  first  in  one  di- 
rection and  then  in  the  other.  The  more  often  the  waves  travel,  the 
greater  the  complications. 

With  direct  current,  such  as  we  have  in  storage  batteries,  electro- 
plating, etc.,  the  current  travels  steadily  in  one  direction.  But  direct 
current  can  not  be  transformed  from  one  voltage  to  another  and 
hence  must  be  generated  at  the  voltage  at  which  it  is  to  be  used.  It 
must,  therefore,  be  transmitted  at  low  voltages  and  high  currents. 
Alternating  current,  on  the  other  hand,  can  be  generated  at  many 
thousands  of  volts  and  transmitted  over  long  distances  over  tiny 
wires  at  very  low  currents.  Since  the  heating  of  a  conductor  depends 
on  the  current  and  not  the  voltage,  and  increases  as  the  square  of  the 
current,  this  high-voltage,  low-current  transmission  at  low  currents 
means  that  there  is  a  huge  saving  both  from  the  diminution  of  energy 
losses  and  from  the  decreased  cross  section  of  conductor  required. 

When  the  high-voltage  alternating  current  has  been  brought  to 
the  point  where  the  power  is  used,  it  is  merely  run  through  a  trans- 
former that  can  change  it  to  the  lower  voltage  desired,  at  a  corre- 
spondingly higher  current.  For  this  reason  all  electric  furnaces  that 
need  merely  heat,  and  not  the  electrolytic  action  of  the  direct  current, 
use  alternating  currents. 

With  direct  current  the  same  number  of  amperes  of  current  passed 
through  the  same  cross  section  of  a  copper  conductor  gives  the  same 
heating  effect  no  matter  what  the  shape  of  the  conductor  or  whether 
it  is  near  other  conductors  or  not. 

Direct  current  will  magnetize  nearby  iron  or  steel,  but  it  doe-  not 
cause  in  them  the  losses  due  to  inductive  or  eddy  current  that  arc 
caused   by  alternating  current.   "With   alternating  current,  where  the 

current  changes  in  magnitude  from  zero  through  the  maximum  to 
zero  again,  as  well  as  in  direction,  60  times  a  second  on  60*cyck  cur- 
rent, and  25  times  on  95-cycle,  and  the  changes  in  the  current  bring  in 
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the  i  f  u  reactance"  or  an  inductive  effect.    With  direct  current 

i  conductor  opposes  the  How  of  current  by  resistance  only,  while  with 
alternating  current  it  opposes  that  resistance  plus  reactance  as  well, 

ami  reactance  is  affected  by  the  size  ami  shape  of  the  conductor  and 
the  proximity  of  other  conductors  and  of  iron  or  steel.     If  to  a 
trie  furnace  for  making  calcium  carbide,  for  example,  care- 
v  installed,  were  supplied,  in  order,  three  different  sorts  of  cur- 
rent at  the  very  same  voltage,  the  furnace  might  take  5.001)  kw.  on 
direct  current.  4,000  on  25-cycfo,  and  2*600  on  60-cycle  alternating 
current    By  proper  subdivision  and  interlacing  of  the  leads,  and  by 
■  .    i  .  irhy  iron,  the  last  two  figures  might  be  brought  up 
much  nearer  the  first. 
It  is  not  necessary  to  <:<>  deeply  here  into  the  various  effects  of 
h  as  the  power  factor,  skin  effect  in  conductors,  eddy 
cur  nd  other  '  in  near-by  iron  or  steel  here,  but  it  is  worth 

t<»  point  out  that  these  factors  exist,  and  that  dis- 
■  in  may  mean  that  the  cost  of  the  leads  between  trans- 
ind    furnaces    may    he    much    higher   than    is   necessar}% 
adable  lot  energy,  costing  as  much  per  unit  as 

"fully  employed  in  the   furnace,  may  take  place  every  day 

I    the    furnace   maker   or   the    central 

per  size  and  shape  of  the  leads  and  to  see 

properly  installed.      He  should  he  sure  that  the  knowl- 

with  heavy  current  conductors  of  whomever 

id  equate. 

king,  the  shorter  the  secondary  leads  are  from  hi«ih- 

rurnace  and   the    farther  they  are  from 

pal  ironwork  the  better.    The  ideal  arrangement 

_'    ••  ■     on     ditchers,  meters,  etc.,  in  a  properly 

i.   kept    locked    against    intrusion   in   order  to  prevent 

da:  from    high-voltage    current,    with    remote   control 

e-  on  the   furnace  switchboard   for  throwing  off  and  on  li i *jfli - 

A  ent  occui  red  on  a  direct-arc  furnace  of  rather  higher 

modern  form,  on  which  the  primary  switch  was 

Ih-d  from  the  fm  A  workman  waa  putting  the  furnace 

relining  it   and   Stood   SO  that    his  body  made  contact 

md  lower  electrodes.     A   fellow  workman  evidently 
t"  which  of  '  itches  at  some  distance  from 

■      "lit  lolled    ;,    circuit    that    he    wi:  lied   to 

i  h  to  tic    furnace,  and  the  man  working 

Ui  ler  working  conditions  there  is  usually 

furnace  properly  installed)  hut 
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even  the  low  voltages  may  be  dangerous,  as  even  a  low-voltage,  high- 
current  circuit  closed  through  the  body  may  bring  serious  results. 
The  safe  way  is  to  open  the  high-tension  circuit  entirely  when  one 
wishes  to  turn  the  current  off.  and  to  do  this  from  a  control  board  at 
the  furnace  itself. 

All  the  commercially  used  electric  brass  furnaces  can  be  installed 
so  as  to  be  safe. 

The  transformers  themselves  should  be  placed  outdoors  wherever 
possible,  or  else  in  special  transformer  rooms  or  cells.  If  it  can  be 
avoided,  high-tension  current  should  not  come  into  the  foundry  itself. 

To  get  short  secondary  leads,  the  furnaces  are  placed  preferably 
close  to  a  wall,  with  the  transformer  directly  back  of  the  wall  on  the 
other  side.  The  higher  the  current  in  the  secondary  leads  the  more 
important  it  is  for  them  to  be  short. 

Besides  the  losses  of  energy  in  the  leads  there  are  losses  in  the  trans- 
formers and  in  the  electrodes,  but  they  depend  on  proper  materials, 
design,  and  proportioning,  for  which  makers  of  the  transformers  and 
the  furnaces  are  responsible. 

As  soon  as  a  furnace  is  installed  a  comparison  should  be  made  be- 
tween the  reading  of  the  kw.-h.  meter  on  the  primary,  back  of 
the  transformer  and  leads,  and  the  reading  of  that  on  the  furnace 
switchboard  by  which  the  furnace  is  operated,  if  this,  as  is  usually  the 
case,  is  connected  up  on  the  secondary  side  and  shows  the  energy  that 
gets  to  the  electrodes,  but  does  not  include  losses  in  transformer  and 
leads.  If  such  a  comparison  shows  not  much  over  5  per  cent  loss  be- 
tween the  power  on  the  primary  side,  that  paid  for,  and  that  on  the 
secondary,  the  installation  is  pretty  good.  A  loss  of  10  per  cent  would 
not  be  unusual  if  the  secondary  leads  are  very  long.  Higher  losses 
would  indicate  that  the  installation  could  probably  be  improved. 

REFRACTORY  LININGS. 

The  first  refractory  lining  for  a  furnace  is  usually  supplied  by  the 
furnace  maker.  After  that  is  worn  out  the  user  may  and  usually  does, 
sooner  or  later,  try  some  other  lining,  and  he  may  experiment  with  all 
sorts  of  refractories  and  with  large  bricks,  or  even  one-piece  liners, 
with  small  bricks,  and  with  rammed-in  linings. 

On  account  of  changes  in  prices  of  refractories  and  varying  freight 
rates,  different  refractories  may  be  called  for  in  different  localities  or 
in  the  same  locality  at  different  times.  Bach  type  of  furnace  has  its 
own  peculiar  requirements,  and  the  nature  of  the  charge,  the  amount 
and  nature  of  -lag- forming  Donmetallic  impurities,  and  the  way  the 
furnace  is  run  all  have  a  hearing  on  the  refractory  problem. 

The  ideal  lining  would  never  wear  out.  would  allow  no  heat  to 
escape  through  it.  and  would  itself  take  up  no  heat.  No  lining  is 
68723°— 2L» 20 
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1  in  any  one  of  these  point-.    Each  factor  is  of  about  equal  Km* 

i    ing  life  is  desirable,  and  the  less  often  the  furnace  is  down 

far  relining  the  lower  the  cost,  not  only  of  refractories  and  of  labor 

for  Laying  them,  but  also  of  the  overhead  on  a  nonproductive  furnace. 

Hut  Long  life  may  very  possibly  be  attained  at  too  great  an  expense 

for  expensive  electric  heat  lost  through  the  lining,  and  through 

i  production  due  to  this, loss  of  heat.    A  lining  of  low-heat 

luctivity  i>  more  necessary  in  an  electric  furnace  than  in  a  fuel- 

i  one.  bo  the  Lining  is  usually  thicker  than  in  fuel-fired  furnaces 

inilar  size  for  this  reason. 

Hut  if  an  electric  furnace  is  to  be  used  only,  say,  9  or  10  hours  per 

day.  t1  'aire  in  a  thick  lining  may  be  too  great.    The  inside 

the  furnace  Lining  must  be  heated  up  to  or  above,  depending  on 

the  type  of  furnace,  the  pouring  temperature  of  the  metal  before 

metal  can  be  poured    The  temperature  varies  through  the  lining 

li «-m  u  side.    Now.  if  the  refractory  has  too  high  a  heat 

luctivity.  the  lining  must  be  heated  nearly  to  this  temperature 

far  quite  a  dif  back  before  it  ceases  to  drain  the  heat  away  from 

.  and  I'  the  inside  nets  up  to  full  operating  temperature. 

birring  great   wall   area   in   comparison  to  their 

ty,  huge  amounts  of  heat  must  thus  be  drained  from  the 

!  in  the  walls  during  the  first  two  or  three  melts-of 

dav.    This  beat  Leaks  away  through  the  furnace  shell  when  the 

fun  ly  as  fast  as  it  docs  while  the  furnace  is  running 

retty  well  cooled  off,  so  the  next  morning  the 

«rml  i    be  supplied  with  the  beat  they  have  lost  through 

On  continuous  operation  the  walls  get  "soaked  full  of 

ached   the  "steady  state,"  so  that   each 

same  time,  and  tin1  energy  supplied  is  used  in 

rk  or  I    l     igh  radiation   from  the  walls  during  the 

in  heating  up  the  walls.    On  9-hour  operation  on  the 

morning  it  Is  necessary  to  supply  not  only  the 

shell  losses  durii  t.  but  also  energy  to  make  up  for  the  shell 

losses  of  the   i 

U  lore  means  low  production  and   low  ther- 

hen  the  furnace  is  not  run  continuously.     It  might 

I    furnace  lining,  say  2  inches  thick  and,  if 

!;»•■»•    .   . .  t"  '   t.  r   ool  the  outside  to  keep  the  lining  from  melting  on 

a  f  ran  bat  I  few  hour-,  per  day.     If  one  lost  an  avenge 

hour  for  24  bonis  with  a  thick  lining,  be  lias  to  supply 

.  in  w  (  the  furnace  i-  run,  Bay,  8  hours.  820  kw. 

of  I  eight.  lie  could  lose  8€  kw.  aver- 

I   if  the  furnace  had  a  storage  of  only 
•  kw.  h  than  that  in  the  remaining  L6  hours. 
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or  a  total  of  420  kw.  h.  He  would  then  start  with  a  dead  cold  fur- 
nace each  morning,  but  he  would  be  60  kw.  h.  ahead  on  his  day's 
run.  St.  John33  has  shown  several  diagrams  of  the  distribution  of 
heat  losses  which  bring  out  the  important  role  played  by  stored  heat. 

It  is  the  stored  heat  lost  at  night  that  cuts  a  large  percentage  figure 
in  a  small  furnace  and  that  prevents  the  usual  types  of  externally 
heated  crucible  furnaces  from  having  any  chance  of  commercial  use- 
fulness. The  lack  of  stored  heat,  due  to  the  need  for  only  a  very 
thin  heat-insulating  wall,  makes  the  high-frequency  furnace  with 
its  internally  heated  crucible  a  possibility  for  intermittent  work  in 
small-sized  furnaces. 

The  inside  of  the  lining  must  be  refractory  enough  not  only 
merely  to  resist  fusion  but  to  stand  up  against  the  atmosphere,  the 
metal,  or  the  slag  with  which  it  is  in  contact. 

But  the  most  refractory  materials  commonty  available  have  a  high 
heat  conductivity  and  a  high  specific  heat ;  that  is,  they  tend  to  give 
both  high  wall  losses  and  high  heat  storage.  If  only  such  a  thickness 
of  this  high-temperature  refractory  be  used  as  will  keep  the  tem- 
perature at  its  back  down  to  some  lower  temperature  at  which  some 
other  less  refractory  material  of  lower  heat  conductivity  and  heat 
storage  will  stand  up,  the  second  refractory  then  becomes  a  better 
material  for  that  layer  of  the  lining  than  the  first. 

Past  a  certain  thickness  of  the  second  refractory,  a  third  maferial, 
still  less  refractory  but  of  even  higher  resistance  to  heat  flow  and 
of  lower  heat  storage  capacity,  then  surpasses  the  second.  Even 
more  layers  could  be  used. 

Still  better  would  be  a  brick  that  varied  in  composition  and  prop- 
erties from  one  end  to  the  other,  as  too  many  layers  of  very  thin 
bricks  give  mechanical  instability.  Some  distinct  progress  is  being 
made  in  the  experimental  production  of  such  bricks,  especially  car- 
borundum fire-clay  mixtures. 

Nearly  all  electric  furnaces  use  at  least  two  layers  of  refractory 
material.  The  outside  layer  next  to  the  shell  is  the  easiest  to  select, 
as  infusorial  earth  like  "Sil-o-cel"  and  similar  infusorial  earth 
products  have  in  high  degree  just  the  needed  properties.  Heavy 
asbestos  sheets  or  asbotos  cement  are  sometimes  used. 

A  low-grade  fire  brick  usually  fills  fairly  well  the  requirements 
for  the  middle  layer,  but  the  inner  layer  is  the  real  problem.  M<>^t 
electric  brass  furnaces  use  high-grade  fire  brick,  especially  those 
high  in  alumina.  Some  use  silica  brick.  On  account  of  the  danger 
of  spalling  due  to  heating  and  cooling,  which  is  shared  by  magne- 
site  and  silica,  these  materials  are  Beldom  used  in  furnaces  for  inter- 
mittent operation.    Carborundum  brick  has  been  used  in  roofs  and 

■St.  .Tolin.  H.  M.  <'<>iminTcl;il  let  UBS  "f  nuta  1 1  ur^i«a  1  elrctric  funnies.  Cli.-m.  and 
Met.  Bug.,  vol.  21,  \{n:>.  p.  .'588. 
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heating  troughs.    Its  heal  conductivity  is  rather  high  for  use  in  the 

t  the  furnace,  though  it  finds  some  use  for  that  purpose.    Oar- 

ondum  brick,  especially  the  bonded  type,  has  great  resistance  to 

'i.l  abrasion.    Hartmann  and  KohlerM  show  some  striking 

photographs  which  bring  out  clearly  the  superiority  of  such  brick, 

of  high-grade  fire  brick,  as  to  spatting  on  cooling  rapidly 

from  l' "•  i    C.  over  silica  or  magnesite  brick,  which  spall  very  badly. 

nite  brick  is  of  doubtful  value  in  the  furnaces  that  have  a 

ly  reducing  atmosphere,  as  it  tends  to  be  reduced  into  ferro- 

:ne. 

Ziikite  brick,  made  from  crude  zirconia  ore,  is  tantalizingly  close 

eing  i  valuable  refractory,  but  its  price  is  too  high  to  be  justified 

until  its  pro;  are  Improved.    When  pure  zirconia  refractories 

ome  available  they  bid  fair  to  give  a  most  desirable  combination 

of  pro] 

Alundum.  or  electrically  fused  alumina  bricks,  also  have  possibili- 

_rh  they  are  expensive  and  are  not   yet  developed  very  far 

■  for  laboratory  u 

Alundum  cement,  however,  is  of  great  value  in  some  parts  of  some 

trie  brass  fui  because  of  its  combination  of  refractoriness, 

good  bonding  power,  and  its  ability  to  remain  an  electrical  insulator 

at  which  other  re fractories  become  conductors. 

I  ■  indum    and    alundum    arc   and    pure   zirconia   refractories 

ly  will  be,  themselvi  trie  furnace  products. 

Aj  laboratory  experiments  and  still  more  important  plant  tests 

i  improved  refractories  proceed,  the  life  of  electric  furnace  lin- 

lould  1  tly  improved,  and  relining  costs  per  ton  lowered. 

1T        Iso  hoped  that  a  lining  for  the  induction  type  can  be  found  to 

all-  pe  to  handle  highly  leaded  alloj 

working  with  refractories  of  the  type  used  for 

.   _  •  aphite  crucibles,  with  some  hope  of  succes 

all  amounts  of  heat  may  be  theoretically  saved  by  painting  the 

ttfa  aluminum  paint  or  even  by  nickel  plating  them, 

heal  than  dull  black  materials.    Such  a 

improve-  the  appearance  of  a  Furnace  and  probably 

.    '      long  I  bright,   which   is  seldom   very 

;i    foundry. 

[i  the  data   o  far  available,  preparatory  to 

tallation  in  a  given  plant,  the  purchaser  must 

•     tl  e  various  furnaces  to  meet  the  plant  condi- 

■id  the  suitability  of  the  furnace    ac  b  load  on  the 

I  he  pov 

lea  <»f  ip 
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CENTRAL  STATIONS  AND  THEIR  RELATION  TO  THE  BRASS  IN- 
DUSTRY. 

Few  brass  foundries  or  small  rolling  mills  are  likely  to  extend  their 
own  generating  stations,  if  they  have  any,  but  are  more  likely  to  buy 
their  furnace  power  from  a  central  station  when  they  install  electric 
furnaces.  Hence  the  interest  of  the  central  station  in  electric  brass 
furnaces  as  a  means  of  extending  their  service  is  and  should  be  keen. 
Not  a  little  of  the  progress  made  in  electric  brass  melting  so  far  is  duo 
to  the  work  of  the  central  stations,  although  there  are  many  central 
stations  that  have  so  far  neglected  the  electric  furnace  as  a  load 
builder.  Generally,  however,  the  central  station  is  glad  to  cooperate 
with  the  foundry  and  to  have  its  engineers  aid  the  foundrymen  in  the 
selection  of  a  suitable  furnace  and  in  its  proper  installation.35 

A  wise  plan,  followed  by  the  more  progressive  stations,  is  to  assign 
an  engineer  or  group  of  engineers  to  specialization  on  electric  furnace 
problems  as  they  affect  the  central  station.  A  little  advice  given  by  an 
electrical  engineer  of  its  staff,  competent  to  handle  the  problems  put 
up  to  him  by  the  foundry,  may  result  in  the  connection  of  a  furnace 
or  group  of  furnaces  to  the  power  company's  lines,  aggregating  a 
kilowattage  that  it  would  take  a  good  many  installations  of  lights  and 
motors  to  equal,  and  giving  a  load  with  a  higher  load  factor  and 
greater  general  desirability  than  the  average  industrial  load. 

As  the  central  station  is  the  usual  source  of  power,  it  is  of  interest 
to  note  that  the  price  of  power  varies  with  the  amount  used,  so  that 
under  one  condition  the  cost  per  kw.  h.  may  be  very  different  from 
that  under  other  conditions  in  the  same  plant. 

VARIATION  IN  COST  OF  ELECTRIC  POWER. 

Industrial  power  contracts  usually  have  two  factors,  the  demand 
charge  and  the  energy  charge.  The  first  pays  the  power  company  for 
the  equipment  it  must  maintain  to  supply  the  maximum  power 
needed;  the  second  depends  on  the  total  amount  of  power  used* 

Suppose  we  have  a  maximum  demand  of  800  kw.  and  that  the 
average  power  consumption  per  ton  of  metal  is  335  kw.  h.  per  ton 
on  9-hour  operation,  275  on  18-hour,  and  250  on  24-hour;  the  total 
power  used  per  day  is  then  about  2.00(1.  3,565,  or  5,250  for  the  three 
cases.  In  a  25-day  month  this  means  50,000,  91,000,  130,000  kw.  h. 
per  month. 

Assume  that  the  plant,  before  it  installed  its  electric  furnace 
equipment,  had  a  maximum  demand  in  lights  and  motors  <>f  200 

38  Compare  St.  John,  u  M..  Commercial  testing  "f  metallurgical  electric  furnaces,  Chem. 
and  Met,  Eng.,  vol.  21,  1919,  i>.  .".77.  Editorial  article.  Borne  practcial  data  on  operating 
electric  l>r;i<^  fun  .  vol.  7<'..   1920,  p.  215,     Wilcox,  E.    v.  Electric  furnace 

power  from  the  standpoint  of  the  central  station.  Trans.  Am.  Electrochem.  Boc.,  vol.  :;7. 
1920,  p.  589.  Smith,  a.  c.  The  elect ric-arc  melting  furnace  ami  the  central  station  elec- 
tric company.  Trams.  Am.  Electrochem.  BOC.,  vol.  .'57,   1920,  p.  701. 
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kw.,  and  i  kw.  h.  per  month  for  those  purposes.    Taking  a 

con  ase  where  the  power  contract  calls  Tor  a  demand  charge  of 

er  kw.  per  month  for  the  first  50  kw.  and  $1  per  kw.  per 

month  for  all  over  50  kw.,  the  energy  charge  schedule  is:  2,500  kw.  h. 

month  at  -  cents  per  kw.  h.;  for  the  next,  3,500  kw.  h.  per  month 

I  per  kw.  h. :  for  the  next.  310,000  kw.  h.  per  month  at  0.5 

rent  per  kw.  h. :  all  over  347,500  kw.  h.  per  month  at  0.4  cent  per 

h. 

i  kw.,   20,000-kw;    h.    Lighting   and    motor   power   cost   as 

follow  s 

2,  •".<)(  )X  $0.02  =$50.00 
150>     1.00=150.00  17,500X0.008=140.00 


I  I  ►emand.  190.  00  Energy  charge. 

171  cents  per  kw.  h.  used. 

The  plant  now  hftfl  500  kw.   maximum   demand  and  70,000,  111,000,  150,000 
per  month  on  three  assumptions. 
| 


I  Demand. 

I 2.  50ox p >.  l >2   =$5a  00 

^=2<80.00 
•  iir,     162.50 


70,0o<»  402.50  Energy. 

525.  on  Demand. 


1,017.50  Total  charge. 
Lesa    415.00  Previous  charge  for  lights  and 

motors. 


602.50  Total    Charge    for    electric    fur- 
nace power. 

furnace  power  coats  L205  cents  per  kw.  h. 

Line  demand  charge,  but  the  energy  charge  is — 

02        $50.  <>0 

000  •    0.008      280.00 

0      0  005      807. 50 


111,  000  807.50  Energy. 

525.  on  Demand. 


l.  222.  50  TotaL 
i  •  H5.  on  Lights  and  motor 


50  Total  charge  for  furnace  power. 
907.  BO 
=0.80 

kw,  h. 
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Case  3 2.  500X$0.  02  =     $50.  00 

35,  000  X  0.008=     280.00 
112,  500  X  0.005=     562.50 


150,000  892.50  Energy. 

:>'2r>.  00  Demand. 


1,  417.50  Total. 
Less  415.  00  Lights  and  motors. 


1,002.50  Total  change  for  furnace  power. 
1,  002.  50 

=0.  70. 

130,  000 

The  furnace  power  costs  0.79  cent  per  kw.  h. 

Case  4.  If  the  plant  had  three  times  the  furnace  installation  figured  above  and 
used  it  24  hours  a  day,  or  900-kw.  furnace  demand   (1,100  kw.  total)  ;  450,000 
kw\  h.  per  month  furnace  energy  (470,000  total),  the  charge  would  figure: 
50X$1.  50  =     $75.00  $2,  370.  00  Energy. 

1,050X   1.00  =1,050.00  1,125.00 


1, 125.  00  Demand  3,  495.  00  Total. 
2,  500  X  0.02  =       50.  00  Less  415.  00  Lights  and  motors. 

35,  000 X  0.008=     280.00  

310,  000  X  0.005=1,550.00  3,080.00  Total  for  furnace  power. 

122,  500 X  0.004=     490.00 
470,  000 


2,  370.  00  Energy. 

3,  080.  00 
=0.  685 

4,  500.  00 

The  electric  furnace  power  costs  0.685  cent  per  kw.  h. 

Tabulating  these  we  get : 

Case  No 1  2  ?.  4 

Hours 9  18  24  U 

Number  of  furnaces 1113 

Kw.  h.  per  ton 335  275  250  250 

Power  price,  cents  per  kw.  h 1.  205  0.  89  0.  78  0.  685 

Cost  per  ton  for  power $3.92  $2.  45  $1.98  si.  71 

This  table  shows  the  advantage  of  continuous  operation  of  electric 
furnaces,  as  well  as  that  of  large  installations.  The  exact  figures  will 
vary  in  each  particular  case,  but  the  ratios  will  remain  approximately 
the  same. 

The  methods  of  determining  the  maximum  demand  vary  in  differ- 
ent localities.  Often  there  is  a  penalty,  a  higher  demand  charge  if 
the  power  factor  is  Itelow  a  certain  figure,  usually  7<>  per  cent,  and 
sometime^  a  premium  it'  it  is  over  a  certain  figure.  The  methods 
determining  the  power  factor,  for  rate-making  purposes,  may  also 
vary. 
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I  times  possible  to  obtain  i  Lower  rate  by  buying  uoff- 

"  power;  that  is.  by  taking  power  at  any  lime  save  Tor  two  or 

three  hour-  per  day  when  the  power  house  has  its  heaviest  load.    By 

il.lv  arranging  the  melting  schedule,  a  foundry  could  sometimes 

this  tact    The  peak-load  hour-  are  different  with  different 

ttions. 

Y   :  in  the  cost  o(  coal  to  the  power  plant  are  sometimes  a 

tor  in  the  rates  paid  by  the  user  as  well  as  in  the  costs  of  the 

J   station.     Hie  schedule  of  rates  should  be  carefully  studied 

and  analyzed  he  fore  choosing  a  furnace  and  in  determining  the  best 

Ope  .  schedule  when  it  is  installed. 

When  electricity  is  generated  by  water  power,  it  is  bought  under 
somewhat  similar  to  those  on  which  steam-generated  power 
_ht.  but  the  demand  charge  is  usually  almost  all-important 
while  the  energy  charge  is  relatively  small.     That  is,  if  one's  maxi- 
mum demand  is  1,000  k\v.  it  costs  nearly  as  much  for  power  to  let 
plant  lie  idle  and  QSC  no  power  at  all  as  it  does  to  use  1,000  kw. 
24  hour-  a  day.    The  electrochemical  manufacturers  at  Niagara  Falls, 
for  example,  strive  to  keep  their  average  demand  just  as  close  to  the 
maximum  demand  BJ  possible  every  minute. 
Th  Blectrie  power  in  this  country,  to  large  users  who 

re  a  day.  305  days  a  year,  as  many  of  the  electrochem- 
ical industries  it  Niagara  Palls  and  other  similar  centers,  will  prob- 
ably vary  from  $20,  perhaps  less,  to$h>  per  kw.  year. 

8n]       -    a  plant  paj  -  $25  per  kw.  year  and  has  a  transformer  eapac- 

itvof  [0,000  kw.    It  then  pays  $250,000  per  year  for  its  power,  whether 

ay  time  it  i-  u/ini:  the  whole  lo.ooo  or  none  at  all. 

I  ge  load  in  kw.  to  the  kw.  capacity  of  the  plant 

ailed  th-'  "load  factor."     If  a  10,000-kw.  plant  averages  only  5,00(1 

kw.  I  load,  >r  is  50  per  cent  and  its  power  cost,  when 

r  0D  a  kw.-year  basis,  LB  twice  as  much  per  kw.  h.  actually  used 

I  would  he  at  LOO  per  cent  load  factor.    The  load  factor,  therefore, 
...    '  important  consideration  to  electrochemical  plants  continui- 
ng.   The  load  factor  also  play-  a  part,  though  not  nearly 
be  ratio  of  the  ••  demand  n  and  "  energy  "  charges 
r  hill  for  steam-generated  electric  power  bought  by  the 
;  Th<   e  point.-  arc  discussed  by  a  number 


>f  electrical  pi  affecting  chemical  Industrie*, 

1914,  p.  29.     Botbman,   P.   w..   Note     ""  power 

misaion  nrui  tm  \ m    Blectrocbem.  Soc.,  rol.  I  ' 

of  energy  for  tlectrlc  taraei 
1914,  p    S3    Horry,  w.  s     Power  for  tlectrlc  fur 
1914,    p.    SO.      Longwell,    n.    r. 
Ion  of  rn<  tni      'Iimp       \m     Blectrochem.    I 
i  •  ;    tor  el<  i  trocbemlcal 
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Since,  on  the  ordinary  price  schedule  for  steam  power,  the  more 
power  is  used  the  lower  the  rate  becomes,  so  that  an  extra  furnace 
load  added  to  an  existing  one  really  uses  less  expensive  power  than 
the  earlier  installation  used,  it  is  plain  that  firms  who  melt  both 
steel  and  brass  and  already  use  electric  steel  furnaces,  are  in  a  favor- 
able position  to  melt  their  brass  electrically  at  low  cost.  Similarly, 
after  a  brass  and  aluminum  foundry  has  turned  completely  to  elec- 
tric brass  melting,  the  price  of  the  extra  power  needed  to  melt  also 
its  aluminum  electrically  may  be  low  enough  that  the  electric  melt- 
ing of  aluminum  may  be  more  attractive  than  otherwise. 

Berlin,37  has  discussed  fully  the  various  factors  entering  into  rate 
schedules.  He  considers  the  problem  of  tandem  operation  of  two 
furnaces,  in  order  to  decrease  the  maximum  demand,  one  furnace 
being  poured  and  charged  while  the  other  is  melting,  so  that  power 
is  only  on  one  furnace  at  one  time.  He  concludes  that  it  will  not 
pay  on  steel  furnaces.  It  is  possible,  however,  that  it  might  pay  on 
brass  furnaces.  One  refining  plant  operating  24  hours  per  day  plans 
to  try  running  two  1-ton  rocking  furnaces  in  this  way.  Since  a  1-ton 
brass  furnace  only  has  to  melt  about  an  hour  per  heat,  and  it  usually 
takes  half  an  hour  to  charge  and  pour,  two  furnaces  thus  run  would 
produce  21  tons  per  day  instead  of  30  to  32  tons.  The  power  cost 
per  ton  will  probably  not  be  materially  different  from  that  under 
unrestricted  use  of  both  furnaces.  As  only  one  transformer  will  be 
needed,  the  first  cost  of  the  equipment  would  be  somewhat  decreased 
though  not  in  respect  to  output.  The  labor  cost  is  expected  to  be 
decreased.  Whether  this  will  pay  or  not  can  only  be  told  by  trial. 
It  would  certainly  not  pay  on  other  than  24-hour  operation. 

In  order  to  fit  the  operation  of  the  furnace  to  the  particular 
schedule  on  which  power  is  bought,  in  order  to  secure  power  at 
the  lowest  cost  per  ton  of  product  and  to  operate  it  to  the  best 
advantage,  the  behavior  of  the  furnace  under  different  operating 
conditions  must  be  accurately  known  and  is  best  determined  by 
thorough  tests. 

TESTING  ELECTRIC  FURNACES. 

A  complete  test  of  an  electric  furnace  is  as  important  a  matter  to 
the  foundry  as  a  complete  boiler  test  is  to  a  power  plant.  By  such  a 
test  the  possibilities  and  limitations  of  the  furnace  may  become  very 
much  clearer  and  better  understood. 

processes,  Trans.  Am.  Electrocbera.  s«.<-..  vol.  •_•:,.  1914,  p  96.  Turnimii.  R..  Electric  fur- 
nace regulators,  Trans.  Am.  Bleetrocbem.  Boc.,  vol.  25,  1914,  i».  !>7.  Discussion  on  all 
of  th<-  above,  Trans..  Am.  Electrochem.  Bee,  sol,  -•"•.  r.»i  ».  p,  106.  i.yun.  i>.  a.,  ami 
K.fiify.  ii.  If.,  Kircti "iiictaiiui gical  Industries  m  possible  consumers  "i  electric  power. 
Trans.  Am.  Electrochem.  Boc.,  rol.  28,  1016,  p.  189.  Beekassvn,  J.  w.,  Tbe  eieetroehemica] 
possibilities  of  tbe  Pacific  Coast,  Trans.  Am.  Electrochem.  Boc.,  rol.  'Js.  1916,  p.  Li'.n. 

31  Berlin.  W.  Q.,  Power  problems  from  tbe  standpoint  of  tbe  furnace  operator,  Trans. 
Am.  Electrochem.  Boc,  rol  87,  1920,  p,  :m7. 
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I  g  :i  boiler  test  in  many  ways,  but  it  may  be  oven 

re  intricate  and  requires  hilly  as  much  care.     A  few  plants  have 
le  such  thorough  tests  which  show  the  complete  distribution  of 
enerffv  delivered  and  trace  completely  tlie  losses  of  each  com- 
the  alloys  melted.    The  tests  gave  information  of  value  in 
showing  how  to  operate  and  to  control  the  furnace  in  regular  practice. 
.   John   *   ha<  given  a   complete  and   useful   outline  of  the  Way 
sue!  old  be  conducted.     The  reader  is  referred  to  his  article 

full  information.     A   few  points,  however,  will  be  mentioned. 
T  Lr\   required  to  melt  a  given  charge  depends  first  of  all 

on  the  specific  heat  and  heat  of  fusion  of  the  mixture,39  on  its  melt- 
point,  and  how  far  above  the  melting  point  the  metal  has  to  be 
\      one   would  expect  to  melt  Monel  metal  with  as  little 
required  for  yellow  brass.    The  nature  of  the  charge 
t      Neither  all  large  ingot  nor  all  fine  borings  will 
melt  as  quickly  and  easily  as  a  judiciously  chosen  mixture  of  light 
nnd  heavy  material. 

The  '  t  nonmetallic  material,  such  as  sand  on  gates,  may 

ma!  rence  in  the   performance  of  the  furnace,  as  it 

f  dross  nr  "slag  over  the  metal,  which  in  many 

types  of  fun  rifles  the  flow  of  heat  to  the  metal  and  requires 

and  more  energy  to  finish  the  heat.     Large  amounts  of  oil 

make  it  impossible  to  close  the  furnace  tightly  until  it  is  distilled 

otf.  and  the  e  dq  it-  decomposition  blankets  the  charge. 

H  Tie   plant    melting  a   charge   of   dirty   borings   and   sandy 

ther  one  of  large  clean  ingot,  and  a  third  one  of  medium- 

I  scrap,  may  for  an  alloy  of  exactly  the  same  composition  in  the 

of   furnace   require  quite  different  amounts  of  energy. 

Figurei   for  |  tnption,  therefore,  should  be  accompanied 

-iption  of  the  charge. 

r,Lr    temperature    is    also    important.      One    may    cast 

'  or  bronze  into  very  la  rge  gears  or  into  ingots  aft  not  much 

I     |  '•  melt  ing  point,  or  one  may  cast  it  into  small 

t  F.  above  its  melting  point.    Smaller 

I   on  other  alloys,  but  B  smelting  and  refining  plant 

■ .  ly.  and  i  foundry  making  tiny  saddlery  hardware 

or  I  pour  their  metal  at  widely  differing  temperatures, 

■  11  metallurgical  electric  furnaces,  Chem.  :m<i 

*  compare  Kir-hnrrh  •  •    required  to  mcit   metal  .  Trani,  Am. 

V.rn*M  Founder*'  Amn\  <;.  ff„  ana  Bering,  C,  Tne  electric 

el    •',,  i;m-j.  p,  05.     Hansen,  C.  a.. 
4m.   in-'    lf<  tali,   roL  6,   1912,  p.   1 10. 

•  i  mmerclal  cop- 

Paper  » •  im  pp, 
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Thornton  and  Hartley40  calculate  that  heating  brass  to  1,100°  C. 
would  increase  the  gas  consumption  in  a  gas-fired  furnace  20  per 
cent  over  that  required  to  heat  it  to  1,000°  C.  Determination  of  the 
pouring  temperature  is  essential  in  comparing  the  performance  of 
different  furnaces  on  the  same  alloy  or  the  same  furnace  on  different 
alloys. 

Pyrometers  for  this  purpose  are  now  available41  and  one  should  be 
used  in  every  electric  brass  furnace  test  of  any  pretensions  to  ac- 
curacy and  completeness. 

METERS  AND  RECORDS. 

It  is  so  easy  to  measure  everything  one  wishes  to  know  about  the 
electric  power  used  in  a  furnace  that  there  is  little  excuse  for  incom- 
plete tests.  Every  furnace  should  have  at  least  its  individual  kw. 
meter  to  show  the  rate  at  which  the  furnace  is  taking  power  at  any 
moment,  and  its  own  kw.  h.  meter,  readable  to  1  kw.  h.  The  latter 
is  sometimes  left  out  of  the  equipment  to  save  its  cost,  as  the  central 
station's  kw.-h.  meter,  on  which  the  power  bills  are  calculated,  is 
supposed  to  take  its  place.  But  this  is  poor  economy,  for  without  a 
kw.  h.  meter  on  each  furnace  one  can  not  know  just  how  much  energy 
the  furnace  has  used  in  a  given  period  unless  no  other  load  is  metered 
by  the  same  meter.  Unless  a  kw.-h.  meter  is  provided  for  each 
furnace,  and  located  on  the  furnace  switchboard,  the  furnace  has  to 
be  controlled  on  a  time  basis,  or  by  opening  it  and  estimating  the 
temperature  of  the  melt.  In  most  cases  far  better  control  is  obtained 
by  running  on  a  kw,-h.  schedule  that  has  been  worked  out  on  the 
basis  of  experience,  very  close  temperature  control  being  possible  on 
24-hour  operation,  and  very  good  approximations  on  single-shift 
operation. 

With  the  induction  furnace  an  ammeter  may  be  substituted  for  the 
kw.  meter,  but  the  individual  kw.-h.  meter  should  be  used  in  that 
case  also.  On  many  types  of  furnaces  a  voltmeter  and  an  ammeter 
for  each  phase  are  also  required,  and  a  direct-arc  furnace  might  well 
use  power-factor  meters  also.  Graphic  meters  are  of  value  for  per- 
manent records. 

The  electric  furnace,  due  to  the  ease  of  metering,  offers,  as  Miller42 
points  out.  every  opportunity  for  the  easy  recording  of  operating 
data,  so  that  if  the  furnace  falls  behind  its  standard  performance  for 

<°  Thornton,  II.  M.,  and  Hartley,  B.,  Metal  melting,  Jour.  Inst,  Metals   (Britlah),  vol. 

17.    1017,   p.   'JIT 

■  Compare  Qtllett,  II.  W.,  Pyrometen  for  molten  brass  and  bronse,  Trans.  Am.  lust. 
Metals,  vol.  8,  i;>i4.  p.  840.  Editorial,  Pyrometers  for  iu:is<  and  iir<>nzc  makers,  chem. 
and  Met.  Eng.,  vol.  21,  101©,  p.  ill.  Ktnnlson,  c.  s.  An  alloy  which  r.-sist*  molten 
brass  and  bronse,  Cnem.  and  Met.  Eng.,  fol.  21,  1010,  p.  808. 

41  Miller,  I*.  i>..  Electric  furnace  for  heating  aonferrous  metals,  .Four.  Am.  Inst.  Metals, 
vol.   11.   1017,  p.  271. 
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single  heat  the  cause  can  be  sought,  found,  and  remedied  more 
easily  than  with  most  fuel-fired  furnaces. 

METAL  LOSS  TESTS  AND  CALCULATIONS. 

perhaps  the  most  difficult  thing  to  ascertain  in  testing 
any  brass  furnace,  in  making  records  of  its  operation,  or  in  calcu- 
lat  money  value  as  an  item  in  melting  costs. 

In  testing  the  furnace  itself  the  important  points  are  the  primary 

.«  iy.  the  percentage  of  the  total  weight  of  metal  charged  that  is 

lined  in  the  ladle,  the  secondary  recovery  from  the  sla<r  or  dross. 

and  the  net  loss.    Also,  how  does  the  value  of  the  primary  recovery, 

ti  v  recovery,  and  the  net  loss  compare  with  that  of  the 

filial  cl 

For  a  complete  answer  hoth  the  total  weight  and  the  composition 

the  original  charge,  the  metal  in  the  ladle,  and  the  amount  of  the 

indary  metal  recovered  must  be  known  in  order  that  the  net  loss — 

the  metal  which  is  gone  and  can  neither  be  weighed  nor  analyzed — 

may  be  known  accurately. 

\  ari  litions  often  make  it  hard  to  attain  the  desired  aecu- 

! :  the  charge  contains  sandy  gates  or  oily,  dirty  borings  it  is 

difficult  to  be  sure  that  I  sample  of  either  used  for  the  determination 

<>f  the  iionmetallic  materials  is  representative,  and  such  a  determina- 

Eten  only  an  approximation. 

!  |  hearth  type  furnace  one  lias  to  contend  with  an  absorption 

ben  a  preferential  one  as  to  lead,  for  example,  in  a  fresh 

I    fire  ifi  sometimes  slight  retention  of  metal  in  the  hearth 

from  1  heat,  requiring  great  pains  in  scraping  out  the  furnace 

king   up   time   that    would    not    normally    have   to   be   taken 

when  D  BBsive  heats  on  the  same  alloy.     Extra  pains  to  get 

Oil   metal   loss  may  thus  delay  the  operation  of  the 

inn  nd  influence  'in  production  and  power  consumption  figures, 

-   sarrilicji  uacy   on    that    pari    of  the  test.     To  get   really 

metal    loss  test   on   a    hearth  type   furnace  should 

osiderable  number  of  hem 

All  -pill  md  spatter  in  pouring  must   be  collected  and  weighed  up 
for  each  he  \\       When  the  metal   is  in  the  ladle  the  question  arises  as 

ild  Ih«  weighed,  whether-  by  difference  between  weights 

ud  full  ladle,41  which  involves  Inaccuracy  in  the  weighing 

I  requi  l(   i    lag,  dross,  and  skulls  be  weighed 

by  pouring  into  ingots  and  weighing  those 

patter,  which  means  that   in  a  sand-cn   I 

"  into  regular  production,  or  by  weigh- 

I    '     difficult!*  e   due    to   the    necessity 

I       Adl         v..I.    I.",.    I'HT,    p.    20. 
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for  keeping  all  the  castings,  gate,  spill,  and  overmetal  from  a  heat 
together,  and  to  the  presence  of  adhering  molding  and  core  sand  if 
the  rough  castings  are  weighed  or  to  the  loss  of  metal  in  cleaning  up 
if  the  cleaned  castings  and  gates  are  weighed. 

Metal  loss  figures  obtained  by  comparing  metal  bought  with  pro- 
duct shipped,  though  valuable  for  cost  accounting,  do  not  show  fur- 
nace performance,  for  they  include  the  remelting  of  gates  and  defec- 
tive castings.44 

Pouring  into  ingots  undoubtedly  gives  the  most  accurate  figure. 

Some  people,  like  Collins.4"'  prefer  to  calculate  their  metal  losses 
from  chemical  analysis.  Such  calculation  is  a  useful  check  when 
analysis  is  to  be  made  anyway,  but  it  is  cheaper,  and  in  general,  far 
more  accurate,  to  weigh  in  the  ladle  than  to  analyze.  Particularly 
with  furnaces  that  do  not  mix  the  metal  automatically,  calculation 
from  analysis  is  unsafe,  as  there  is  danger  of  segregation  in  the 
molten  metal.  Added  to  that  is  the  possibility  of  further  segregation 
in  the  solid  metal  with  attendant  possibility  of  nonrepresentative 
sampling.  On  top  of  these  is  the  inaccuracy  of  chemical  analysis; 
it  takes  only  a  difference  within  the  ordinary  analytical  limits  of 
error  to  calculate  to  a  material  difference  in  weight.  St.  John 46 
points  this  out  and  shows  that  though  chemical  analysis  is  useful  in 
checking  up  the  value  of  the  lost  metal,  to  calculate  metal  losses 
wholly  on  analysis  involves  the  fallacy  that  none  of  the  element  used 
as  a  basis  for  the  calculation,  usually  copper,  is  lost;  the  fact  is.  some 
copper  is  really  lost  by  oxidation  and  slagging.  This  loss  may  be 
very  little  in  an  electric  furnace,  but  it  may  be  greater  in  an  open- 
flame  oil  furnace  with  which  the  electric  is  being  compared  as  to 
metal  losses. 

This  whole  matter  has  been  rather  thoroughly  discussed,47  and  it 
has  been  shown  that  while  some  mills  charge  up  metal  loss  as  having 
the  same  value  per  pound  as  the  charge,  and  others  charge  it  up  at 
the  value  of  zinc  only,  neither  is  correct,  the  lost  material  being  made 
up  of  all  the  constituents  of  the  alloy,  with  the  more  volatile  ones 
preponderating. 

The  volatilization  loss  in  a  fuel-fired  furnace  is  largely  zinc  and 
lead  and  could  be  mostly  made  up  by  the  addition  of  more  zinc  and 
lead.  It  is  not  fair  to  the  fuel-fired  furnace,  therefore,  to  charge  it 
with  the  full  price  of  the  alloy.    Neither  is  it  fair  to  the  electric  fur- 

44  Compare  Walter.  C.  If.,  Metal  molting  by  hitfh  pressure  pas:  Jour.  In^t.  Metals 
(British),  vol.    17.   1917,  p.    197. 

"Collins.  B.  I'..  Melting  some  nonferrous  metals  and  their  alloys  in  the  electric  fur 
nan-:  Jour.  Cleveland  EBg.  Soe.,  vol.  11,  1910.  p.  811. 

w  St.  John,  H.  M..  Commercial  testing  of  metallurgical  electric  furnaces,  Chem.  ami 
Met.  Bng.,  vol.  21,  1919,  p.  384. 

47  Discussion  on  paper  by  Gnenther,  B.  u..  Dm  of  producer  gai  for  melting  yellow 
brass:  Trans.  Am.  Inst.  Metals,  vol.  8,  1914,  p.  :5'_'0. 


ilectiic  brass  furnace  pbagticb, 

-nine  that  all  the  metal  saving  it  shows  over  the  fuel-fired 
furnace  Ifi  cheap  Bine  and  lead,  when  some  of  it  may  be  copper  and 
tin. 

implete  data  on  losses  by  weight  and  on  the  composition  of  the 
metal  must  be  obtained  if  the  figures  od  the  value  of  the  metal  lost 
ved  are  bo  be  truly  accurate. 
lh  considering  the  metal  savings  of  the  electric  furnace  one  must 
take  into  account  the  fact  that  not  only  is  the  net  loss  usually  re- 
duced, but  the  gross  loss  i>  also  generally  reduced.    In  fuel-fired  prac- 
tice metal  spilled  into  the  ashes  or  running  out  of  a  pot  broken  in 
the  fire  and  that  entrained  in  the  heavy  slag  of  most  open-flame  oil 
furnaces  has  to  he  recovered.    This  metal  must  be  charged  with  the 
of  its  recovery  and  of  its  remelting  if  it  is  pure  enough  to  be 
telted  direct,  and  must  be  charged  with  the  cost  of  the  bad  effect 
my  harmful  impurities  it  picks  up. 

-  suitable  for  remelting,  but  must  be  refined  after  its 

v  and  concentration,  it  must  bear  the  refining  charge.     In 

en  the  only  metal  recovered  after  refining  is  a  low- 

per,  all  the  other  metals  having  been  lost. 

1  »  as  mill  on  a  run  of  14)  tons  of  68  per  cent  copper,  32  per 

in  pit  fires,  hail  a  gross  loss  of  4.5  per  cent,  recovered  3.1 

per  cent  from  the  ashes,  giving  a  net  loss  of  1.4  per  cent.    This  run 

made  in  11*17"  when  metals  were  very  high,  copper  being  figured 

,iiid  tine  at  1  1  cents,  making  a  pound  of  the  brass  cost  24.9 

for  Its  contained  metal.    The  3.1  per  cent  of  recovered  metal 

ilued  by  this  mill  at  this  time  at  only  16  cents  per  pound,  after 

overy  charges,  so  that  the  drop  in  value  was  7.9  cents  per 

i.  "i  24.5  i-i-nN  per  LOO  pounds  melted. 

I  from  the  deterioration  and  cost  of  recovery  of  the 

.  then,  greater  than  the  value  of  the  net  loss  taken 

dl  sine,  and  70  per  cent  as  much  as  the  value  of  the  net  loss  if 

thii  en  ;.-  composed  of  the  same  proportion  of  copper  and 

the  alloy  itself. 

d  other  mills  operating  crucible  fires  on  yellow  brass  calcu- 

d  coke-furnace  practice  1J  per  cent  of  the  charge  is  spilled 

'id  of  tlii-  60  per  cent  is  recovered — that  is,  0.9  per 

1  charj  recovered  and  0.6  per  cent  is  lost. 

-aid  to  he  worth  only  75  per-  cent  of  the 

opp<  and,  besides,  must  be  charged  with  the  cost 

of  the  value  of  the  Liquid  metal  obtained  ready  to  pour, 

•    f'irii  illy   ihowi    Bfl  much    money  saving  due  to 

due  to  it-  lou.-r  net  loss.     Both  savings 
on. 
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ELECTRIC  BRASS  FURNACES  AS  A  FACTOR  IN  NATIONAL  CON- 
SERVATION. 

There  are  many  points  in  which  electric  brass  melting  deserves  con- 
sideration as  a  factor  in  national  conservation,  and  it  is  its  im- 
portance as  such  a  factor  which  has  drawn  and  held  the  attention  of 
the  Bureau  of  Mines  to  the  general  problem. 

METAL  SAVINGS. 

As  has  been  shown  above,  the  electric  furnace  effects  material 
saving  of  the  metals  melted,  both  by  reduction  of  the  net  loss  and 
of  the  gross  loss.  The  possible  saving,  when  the  brass  industry 
adopts  electric  melting  as  the  standard  method,  will  be  well  worth 
while,  even  though  the  country's  resources  are  large  in  all  the  metals, 
except  tin,  that  enter  into  brass  and  bronze.  The  labor  and  the  trans- 
portation facilities  required  for  the  production  of  some  6,000  tons  of 
metal  that  could  be  saved  by  electric  melting  could  then  be  applied  to 
other  needs. 

SAVING  OF  CRUCIBLES. 

The  avoidance  of  crucibles  not  only  cuts  out  a  large  item  of  expense 
but  helps  to  make  the  United  States  independent  of  Ceylon  graphite 
and  Klingenberg  clay,  the  shortage  in  which  was  so  acute  during  the 
war  that  the  Bureau  of  Mines  took  up  the  study  of  the  domestic 
supply  of  crucible  graphite  and  clays.48  The  carbon  and  graphite 
electrodes  and  other  furnace  parts  required  are  made  from  domestic 
sources,  as  graphite  electrodes  are  best  made  of  artificial  graphite, 
itself  an  electric  furnace  product. 

SAVINGS  IN  LABOR  AND  HEALTH. 

The  reduction  of  the  amount  and  severity  of  the  labor  required  and 
the  improvement  in  the  health  and  safety  of  workmen  due  to  the 
comparative  coolness  and  freedom  from  deleterious  fumes  and  to  a 
reduction  in  the  hazard  of  burns  are  as  truly  conservation  as  are  the 
more  material  factors. 

SUBSTITUTION  OF  FUELS. 

It  is  in  its  bearing  on  that  part  of  the  conservation  problem  relating 
to  fuel  that  the  electric  brass  furnace  is  perhaps  of  the  greatest  ulti- 
mate importance. 

Even  under  existing  conditions,  for  the  electric  furnace  to  use 
steam-generated  power  helps  the  fuel  situation  to  some  degree,  as  it 
allows  the  substitution  of  bituminous  coal,  burned  in  the  power  plant, 
for  coke,  anthracite  coal,  or  fuel  oil,  burned  direct  at  the  foundry  in 

•  See  White,  D.  BM  Principal  Inreatigattoni  of  the  Bureau  of  Ulaea,  IflaMOgmphed  re- 
port,  June,  1919,  pp.  14-26. 
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fuel-fired  furnaces.     It  Lb  true  that  in  present  steam-plant  practice 

the  by-products  o(  bituminous  coal   useful   for  dyes,  explosives,  and 

are  not  recovered;  but,  as  Rideal  w  points  out,  these  can  be 
.1  if  the  steam  plant  noes  through  the  producer-gas  step  and 
the  by-product  chemical  industry. 
This  question,  however,  has  been  investigated  by  the  British  Minis- 
try of  Munitions."  and  the  conclusion  is  reached  that  under  present 
tish  conditions  by-product  recovery  is  not  economical. 
At  any  rate,  there  is  a  saving  in  distribution  between  the  shipment 
<>f  coal  to  a  large  central  station  and  the  distribution  thence  of  elec- 
tric power  t<>  foundries,  over  the  shipment  of  foundry  fuel  to  each 
foundry,  with  the  trackage,  switching  equipment,  and  tying  up  of 
roll  'k  involved. 

SUBSTITUTION  OF  OIL. 

1  importance  is  the  substitution  of  steam-generated  electric 

t  oil-fired  furnaces.     Great  as  are  our  oil  resources 

ill   fur  the  imminenl   future  demands  upon  them 

ecially    for  fuel    for  the  Navy  and 

I  -burning  ship,  whether  it  burns  oil  to  raise 

:  tyj.r  engines,   is   the   modern   ship.     The 

hant  marine  should  have  it,    dust  as 

the  need  for  the  oil-burn- 

'  on  of  brass  furnace-  could  cut  down 

•  to  Supply  our  new  merchant  fleet  it  is 
mption  of  oil  on  laud  he  reduced, 
be  Unit  ISta  ological  Survey  says : M 

I  ii!  regard  t<>  <»ii  can  host  be  characterized  as 

mand  of  "in-  shipping  program  alone  involves 
.'-•i.i  f..  nearly  one-half  of  the  present  domestic  out- 
■  •    :-  to  be  waged.    *    *    * 
only  in  the  exhaustion  of  less  than  1  per  cent 
rhlle  in  the  60  years  sine.-  our  oil  production 
e  i  11  has  been  brought  to  the  surface  and 

MBMUDtd. 

of  the  Bureau  of  Mines     also  pointed  oul  the 
*neflB  of  tl  |    ,n. 


ia. 
and  by  product  powar  protfac 

Mining   I  p       Bull     l  1 1, 

[in    Jour 

" 

■-  .  n.i    Metallurgy, 

f  :•<  troi.-iiro   lnd  Mining  and    M 
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A  careful  analysis  of  the  situation  has  been  made  by  Gilbert  and 
Pogue,54  and  they  conclude  that  the  sooner  the  enlarging  use  of  fuel 
oil  for  steam  raising  and  heating  be  turned  into  a  narrowing  use  the 
better. 

It  seems  evident  that  the  substitution  of  oil  by  coal-generated 
electric  power  is  a  move  in  the  right  direction. 

SAVING  OF  COAL. 

By  reason  of  the  efficiency  of  the  electric  furnace,  it  is  possible  also 
to  effect  a  saving  in  the  actual  number  of  heat  units  required  to  melt 
a  given  amount  of  metal. 

If  the  power  is  generated  either  from  coal,  through  a  steam  boiler 
and  turbo-generator,  or  through  a  gas  producer  and  gas  engine,  from 
gas  tar  through  a  Diesel-type  engine  and  generator  in  a  reasonably 
efficient,  large,  central  power  plant,  the  efficiency  of  the  thermally 
more  economical  of  the  available  electric  furnaces,  if  properly  op- 
erated, is  so  good  that  electric  melting  may  require  fewer  B.  t.  u. 
in  the  power  plant  fuel  than  would  be  needed  for  melting  in  fuel- 
fired  furnaces. 

The  most  modern  central  stations  can  deliver  to  their  customers  1 
kw.  h.  for  25,000  B.  t.  u. — that  is,  the  equivalent  of  2  pounds  of  bitu- 
minous coal.  Three  pounds  of  coal  may  be  taken  as  an  average 
figure  when  less  efficient  central  stations  are  included,55  although 
both  lower  and  higher  figures  are  taken  by  various  authorities.56 

In  crucible-pit  fires,  600  pounds  of  coke  per  ton  of  yellow  brass 
melted,  or  800  pounds  per  ton  of  red.  is  fair  practice :  that  is,  if  yel- 
low brass  is  melted  at  200  kw.  h.  per  ton  and  red  at  265  kw.  h.  per 
ton.  each  kw.  h.  being  generated  by  3  pounds  of  coal,  no  more  fuel  is 
used  than  would  be  with  direct  firing. 

It  has  been  shown  that  these  figures  can  be  reached  on  24-hour  op- 
eration on  the  alloys  to  which  they  are  fitted  by  the  larger  sizes  of 
direct-arc,  stationary,  and  moving  indirect-arc,  and  by  induction  fur- 
naces, each  furnace  being,  of  course,  used  on  alloys  to  which  it  is 

61  Gilbert,  C.  G.,  and  Po^ue,  J.  E.,  Petroleum,  a  resource  interpretation:  Smithsonian 
tutlon,  U.  P.  Natl.  Museum,  Bull.  102.  part  6,  1918;  compare  Rice,  G.  S.,  Review  of 
the  coal  situation  of  the  world,  Bull.  Am.  Inst.  Min.  Eng.,  133,  1918,  p.  131.  Arnold.  R., 
Conservation  of  oil  and  gas  resources  of  the  Americas,  Econ.  Geol..  vol.  11,  1916,  pp. 
Rcqua.  M.  L.,  Petroleum  resources  of  the  United  States,  Ben.  Doc.  363,  64th 
Cong.,  1st  sess.,  1916.  U.  S.  Navy,  Oil  conservation,  a  national  necessity,  Ann.  Rept. 
Sec.  of  the  Navy,  1916,  p.  33.  Dunn.  F.  B.,  Industrial  uses  of  fuel  oil,  1916.  Editorial 
note,  Crude  cil  imports  set  up  a  new  record,  Foundry,  vol.  48,  1920,  p.  293  ;  Editorial 
note.  Fuel  oil  Prices,  Iron  Age,  vol.  10C  p.  1101. 

55  Compare  Benzinger,  R.  F„  Solving  the  ever-increasing  cost  of  central-station  opera- 
tion, The  Electric  Furnace,  vol  1,  No.  2,  p.  10.  Cook,  C  S.,  Power  production  for 
electrochemical  purposes,  Trans.  Am.  Electrochemical  Soc,  vol.  '    p    87. 

M  Compare  Report  to  Br.  Munitions,  Direct  firing  and  by  product  power 

production,  Iron  Age,  vol.  105,   1920,   p.   1L'.°.4.      Volgesang,   A.  T..  rence  power. 

Power,  v.,i.  51,   10  < .rt  of  Committee,  Am.  R.  R.  Ann.,  Mining  and  .V 

lurgy,   No.   16  1*. 'I'",   p.  7. 
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1       \   can  probably  not  he  reached  by  even  the  more  efficient 
be  reflected-heal  furnaces, 
In  i  locality  where  the  centra]  station  was  so  shortsighted  as  to 
ml  the  advantages  to  itself  in  an  electric  furnace  load,  ami  to 
ept  the  tentative  BUggestioo  of  an  editorial  in  a  recent  electrical 
join  that  the  value  of  the  service  rendered  by  electric  furnaces 

was  bo  high  that  they  could  stand  being  charged  rates  "approxi- 
mately those  for  lighting  service"  (if  the  public  service  commission 
U  State  did  not,  as  it  probably  would,  prevent  the  charging  of 
:  an  unjust  rate),  the  combination  of  high  rates  and  an  inefficient 
fun  ace  would  soon  cause  its  user  to  change  to  a  more  efficient  type 
or  t  k  to   fuel-fired   furnaces,  just  as  happened  in  a  steel 

foul  This  plant  was  using  a  Ileroult  electric  furnace  for  steel 

but    when   the   cost  of  power  rose  to   nearly  2  cents  per 
h..  ■  tin-  electric  furnace  was  sold  and  an  open-hearth  installed. 
the  item  that  necessitated  the  change,  even  at  the 
slightly  less  high  quality  of  steel,  the  open-hearth  steel, 
in  thii  case,  being  of  good  enough  quality  for  the  purpose  in  hand. 
Whether  or  uot  economic  conditions  will  allow  the  use  of  an  ineffi- 
t   furnace,  on  account  of  the  need  of  fuel  conservation,  it  is  a 
-:••  to  utilize  a  furnace  less  efficient  in  the  use  of  electric  power  for 
D  purpose  where  a  more  efficient  one  as  to  the  use  of  power 
will  do  the  work  at  as  low  an  overall  cost  to  the  user.     The  less  effi- 
tric  furnaces  may  show  a  great  reduction  in  melting 
(In-  old  fuel-tired  furnaces,  but  with  equal  melting  costs  in 
motives  of  conservation  should  lead  to  the  choice  of  the  more 

For  this  special  stress  has  beep  laid  in  this  report  on  the 

i!  performa]  to  power  consumption  per  ton  of  dif- 

of   furnaces,  and   with  different  methods  of  operation. 

ost  -hect  goes  other  advantages  may  some- 

••  up  the  difference  between  a  furnace  melting  at  300  k\v.  h. 

theral  l"»«»  kw.  h,  per  ton.  hut  the  balanced  costs  fail 

t  the  first  uses  hut  two-thirds  as  much  as  the  second 

d  pile.    Iii  reference  to  desirability  of  economical 

<  Albert   and    l'ogue/'9 
WATER  POWER. 

e  bra  -  Industry  in  this  country   i       I     ach 

■•. iter  power  or  from  that  likely  to  he 

I bat  the  genera]  utilization  of  hydro- 

T  ;.     7<;7 

18,   1920    , 

•     .ih'l    it      lull    ui  IllsatiOD  :    Smith 
I.    I!»1H. 
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electric  power  for  brass  melting  will  have  to  be  accomplished  by 
the  location  of  new  plants  within  economical  transmission  distance 
of  existing  or  future  water-power  development,  or  by  the  lying-in  of 
water  power  and  steam  plants  into  a  large  network  or  such  "  super- 
power system"  as  has  been  advocated  by  former  Secretary  Lane.60 

Murray  calculates61  that  though  the  investment  required  by  the 
proposed  superpower  network  would  be  $1,250,000,000,  including  the 
cost  of  changing  from  steam  to  electricity  in  railroads  and  industrial 
plants,  it  would  return  24  per  cent  on  the  investment.  It  seems  in- 
evitable that  this  great  improvement  will  sooner  or  later  be  made. 

Another  power  project  that  may  develop  in  the  future  is  that  on 
the  St.  Lawrence  River,  the  main  idea  being  to  deepen  the  river  to 
allow  passage  of  seagoing  vessels.  Hoover62  cites  this  project  as  be- 
ing "  entirely  feasible,"  capable  of  relieving  the  railroads  from  their 
peak  load,  and  estimated  to  save  5  to  6  cents  per  bushel  on  the  trans- 
portation of  grain.  In  such  a  development  a  large  amount  of  hydro- 
electric power  would  be  made  available,  which  would  be  free  from 
the  seasonal  variations  of  some  hydroelectric  projects  on  account  of 
the  natural  storage  of  the  great  lakes.  Vogelsang63  estimates  that 
the  power  available  as  the  United  States  share  of  that  developed 
would  be  equivalent  to  9,750.000  tons  of  coal  per  year  and  would  re- 
quire nearly  8,000  fewer  workmen  in  the  hydroelectric  plants  than 
would  be  required  to  develop  the  same  power  by  steam. 

With  such  huge  projects  as  these  in  the  East  adjudged  feasible 
and  desirable  by  eminent  engineers  and  economists  and  the  advance 
of  the  already  large  hydraulic  developments  in  the  West,  adequate 
electric  power  supply  seems  bound  to  come  in  the  future. 

Until  hydroelectric  power  is  thus  made  available  electric  brass 
furnaces  will  continue  to  utilize  steam-generated  power  in  the  great 
majority  of  cases  in  this  country. 

Some  other  countries,  though  they  do  not  melt  much  brass  com- 
pared to  the  United  States,  will  probably  be  able  to  apply  hydro- 
electric power  to  brass  melting  when  they  start  to  utilize  the  electric 
brass  furnace. 

Sweden  and  Norway M  have  long  been  noted  for  their  hydro- 
electric developments,  which  were  forced  upon  them  by  the  scarcity 

"°Anonymous,   Secy.   Lane's  proposal   for  power  resource  survey  :  Elect.  World,  vol.  78, 
1919.   pp.   282,  881;  see  also   Report  of  Committee   of  Am.   R.   R.   ham.,   Mining  and 
Metallurgy,  No.  161,  May,  1920,  p.  7;  Murray,  W.  S.,  Superpower  Survey  report:  V    S. 
.    Survey  Prof.  Paper  123,  1921.  261  pp. 

«  Murray.  W.  S..  Bconomfcal  power:  Jour.  Am.  Inst.  Elect.  Eng.,  vol.  ::'.•.  1920,  p.  27; 
Economical  supply  of  electric  power  for  the  railroads  and  industries  of  the  North  At- 
lantic Beaboard:  Jour.  Am.  Inst.  Elect.  Eng.,  vol.  39.  1920,  p.  219. 

n-  Hoover,  II.,  Some  notes  on  agricultural  readjustment  and  the  high  cost  of  living, 
Post,  vol.  192,  1920,  Apr.  l<",  p.  #0.    See  also  Craig,  C.  P.,  From  the  Great  Lain 
the  Atlantic,  Bat.  Ere.  Poet,  rol,  192,  1920,  June  26,  p.   10 

M  Vogelsang,  A.  T.,  St.  Lawrence  power:  Power,  \<>!.  51,  1920,  p,  :\\\~ 

M Compare  Beckman,  J,  W.j  Power  developments  in  Scandinavia,  Trans.  Am  Electro 
chem.  Soc,  rol.  37.   1920,  p.  403. 
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fuel,  and    for  their  application  of  electric    furnaces  to  the  iron 
ind  tsJ 
[talj    has  i  highly  developed  water-power  system,  and  there  is 

ay'      a    larger    production    of    electric    steel    in     Italy    than    of 
I. 
Ii.  -  expected  to  utilize  about    1  .(>»>(  ).<)<)()  h.  p..  or 

twi  ii  she  utilized  in   L91&.     According  to  Keller,67  the  various 

plant-   of    Keller   Leleux    and   the   Government    plants   designed    by 
K   Her  we  og  electric  furnaces  on  war  production  of  pig  iron, 

i.  carbide,  etc.  requiring  about  3G,000  kw.,  most  of  which  was 
m  \\  ater  power. 
The  situation  as  to  electric  power  in  England  has  not  been  good, 
i  i iiu:  practically  no  water  power,  and  according  to  Rideal 6S  the 
avei  ,;,MI  power  stations  being  only  5,000  h.  p.,  or,  as  he 

states  one-quarter  the  size  of  an  economical  generating  unit  and 
-thirtieth  of  the  >ize  of  a  really  economical  central  station.     Cen- 
ization  into  Larger  units  is  contemplated. 
The  fuller  utilization  of  our  own  water-power  resources  has  long 
jui/.cd  irable  and  in  the  near  future  necessary.68 

^-delayed  tetive  legislation  which  will  make  this  a 

cerl  for  the  future  is  now  in  operation,  although  on  account  of 

I  pita]    investment   and   the  time  required  to  construct 

hydi  trie  pli  me  years  will  elapse  before  the  full  benefits 

iliz«'d.     Comparatively  prompt  increase  in  utilization  of 
er  p"v  •  I  helesc  assured. 

OPERATION  OF  ELECTRIC  BRASS  FURNACES. 

When  cheap  hydroelectric  power  becomes  generally  available  for 

furnaces   in  this  country  in  the  future  the 
deal  use  of  power  may  Income  subordinate  to  other  points  in 
fun  long  M  electric  power  is  relatively  costly 

ctioD  :ind  op.  •  ,t  <,i,  of  :i   furnace  must  take  into  account  the 
power  hill  i-  one  of  the  Largest  items  of  melting  cost. 
with  :i  low-power  consumption,  how  to  increase  pro- 
duction. k«-ep  upl  nd  repair  coat  down,  and  how  to  hold  the  metal 

loss*-  1'  of  the  product   high  are  the  mait)  questions 

eoii •  trie  furnace  operator. 

«  \  ■■.  .lour,  du  four  filectriquot  w>] 
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To  keep  the  metal  loss  low  and  the  quality  of  the  product  high,  the 
fundamental  principle  is  to  choose  a  furnace  that  can  be  run  tightly 
closed,  to  keep  air  out  and  volatile  metals  in.  and  then  to  take  care 
that  it  is  really  so  run.  When  the  charge  contains  oily  borings  it  is 
impossible  to  operate  any  furnace  tightly  closed  till  the  oil  is  driven 
out.  But  the  oil  vapor  prevents  the  entrance  of  air  as  long  as  it  is 
coming  off,  so  if  the  furnace  is  plugged  up  as  soon  as  the  oil  is  off, 
little  metal  vapor  is  lost,  as  the  bulk  of  the  oil  is  out  before  the  metal 
is  melted  and  hot  enough  to  vaporize  much  of  the  volatile  constituents 
of  the  alloy. 

Low  upkeep  and  repair  cost  for  refractories  depends  on  the  care 
and  attention  given  the  furnace,  especially  in  the  matter  of  overheat- 
ing the  lining  or  roof.  Overheating  is  mainly  due  to  the  use  of  too 
high  a  rate  of  power  input.  But  the  higher  the  rate  of  power  input  the 
greater  the  output  of  product  and  the  lower  the  energy  cost  per  ton. 
Careful  balancing  between  these  two  factors  has  to  be  made. 

The  rate  at  which  the  furnace  can  safely  take  and  the  transformers 
safely  supply  energy  should  be  properly  balanced  so  that  there  is 
enough  transformer  capacity  to  allow  the  furnace  to  do  its  best  work, 
but  not  so  much  excess  capacity  as  to  involve  a  useless  expense  for 
the  purchase  of  too  large  a  transformer.  On  arc  furnaces  a  balance 
has  to  be  struck  between  a  power  factor  that  is  high  enough  to  make 
the  arc  so  unsteady  as  to  require  too  much  attention  or  to  make  it  too 
.  for  the  operator  to  allow  the  furnace  to  take  too  much  power, 
and  one  so  low  as  to  involve  waste  by  requiring  larger  and  more  ex- 
pensive leads  or  a  power  factor  penalty  on  the  power  bill.  Automatic 
electrode  control  on  arc  furnaces  and  pyrometric  records  of  roof  tem- 
perature in  the  resistance  type  aid  in  allowing  the  operator  to  hold 
the  maximum  safe  rate  of  input.  Automatic  electrode  control  is  sel- 
dom justified  in  the  installation  of  a  single  brass  furnace,  as  it  does 
not  often  cut  the  labor  cost  appreciably.  But  on  a  battery  of  two  or 
more  arc-type  furnaces  automatic  electrode  control,  where  it  is  pos- 
sible to  apply  it.  will  usually  pay  for  the  investment  very  promptly 
saying  labor. 

In  order  to  allow  holding  the  power  input  up  to  the  maximum 

rate,  the  furnace  operator  must  have  nil  the  meters  to  guide  him  that 
the  particular  type  of  furnace  in  use  requires.  Graphic  meters  and 
the  keeping  by  the  operator  of  a  regular  furnace  Log,  showing  time 
heat  spent  in  charging,  melting,  and  pouring,  in  waiting  <>n 
uni  of  outside  delays,  and  delays  due  to  the  furnace  itself,  kilo- 
watt-hours used,  weight  charged  and  obtained,  ode  consump- 
tion, etc.,  are  most  valuable  in  allowing  the  management  to  see  to  it 
that  the  furnace  is  operating  properly. 

To  m  i  ;>  high  production  with  the  minimum  power  per  ion  one 
should  use  a  furnace  of  Hie  Large  I  mand  for  metal  will 
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•   tint  he  can  take  the  metal  away  from  promptly,  as  the 
the  capacity  of  a  given  type  of  furnace  the  more  efficient  it  is. 
But  if  a  !  irnace  lias  to  be  poured  through  a  number  of  small 

ladles,  the  ratio  of  idle  time  to  operating  time  may  he  so  great  that 
mailer  and  more  quickly  emptied  Furnace  may  give  better  results. 
On  account  of  the  high  first  cost  of  the  electric  furnace  its  over- 
bead  per  idle  hour  is  high.    Moreover,  the  furnace  while  idle  is  leak- 
Prom  its  walls  that  has  to  he  replaced  during  the  next  heat 
going  to  the  melting  of  metal.    This  leakage  occurs  not 
only  between  heats  during  the  day,  hut  at  night  also,  so  that  there  is 
usually  it  difference  in  the  efficiency  of  a  furnace  on  9-hour  and 

24-hour  operation. 

Dearly   the    furnace   operates    continuously    the   more 
I     i   will  operate.     On  continuous  operation  there  is  far  less 
ween  the  power  consumption  per  ton  of  the  more  and 
the  ficient  types  than  there  is  on  9-hour  operation.    Two-shift, 

hour  opera!  ioi  -  a  greater  improvement  over  one-shift  opera- 

hour  over  L6-hour  operation.     If  melting  costs  are  a 
main  factor,  and  the  quality  of  the  castings  is  good  with  night  work, 
rolling  mills  and  smelting  and  refining  plants,  the  tendency 
I  two-shift  operation.     In  a  shop  making  intricate 
tnd,  unless  artificial  illumination  can  be  provided 
eep  the  defective  castings  from  night  work  down  to  the 
light  figure,  single-day-shift  operation  will  prevail. 
In  singl<  '   operation,  delays  in  pouring,  waiting  for  the  ladle 

holding  the  metal  in  the  furnace  because  molds  are  not 
I       great  detriment  of  high  furnace  production  and 
po  t.    Of  course,  melting  is  only  one  of  the  factors  in  foun- 

dry '        t  may  he  better  in  the  long  run  to  operate  on  the  basis 

-  tie-  main    factor,  holding  the  metal   in  the   furnace  to 
iry,  and   fitting  the  rate  of  melting  to  the 

t  should  b         rly  recognized  that  this  handicaps 

'    ■  n   for  such  operation  the  electric  furnace  has 
ithout  too  great  heat  storage  so  that  metal 

rnace  does  not  continue  to  heat  up  too  rapidly  from  the 
I  in  w::  I  roof,  it  \e  possible  to  hold  the  metal  longer 

•  !  ty  than  in  fuel-fired   furnaces. 

i  be  held  in  furnace    of  high-heat  storage  after  it  is 

I  >f  cold  metal  may  have  to  be  made  to  keep 

o  hot  before  it  is  poured. 

Iry  using  electric  furnaces  does  not  appear  to 

minute    delay  waiting  for- the  next  charge,  b  few 

•  ine  Or  ladle,  and  a  few  more  holding  the 

add  up  in  the  course  of  a  day  to  time 
'  :.     furnace  will  illustrate  thi    fact. 
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Take  an  actual  clay's  run  of  a  small  Kennerfelt  on  red  brass  for 
example : 

Table  55. — Operation  of  a  furnace  with  and  without  delays. 


Heat. 

Charge. 

Total 
time. 

Arc  on. 

Idle 
time. 

Kilowatt 
hours 
used. 

Kilowatt 

hours 
per  100 
pounds. 

Notes. 

1 

2 

3 

4 

5 

Pounds. 

497 

522 
527 
523 
394 

Hrs.  Jlfin. 
2    45 

1  45 

2  55 
1     25 
1    25 

Hrs.  Mm. 
2    44 

1     25 
1    10 
1    05 

1     10 

Hrs.  Min. 
40 

20 

1    45 

20 

15 

211 

130 

105 

106 

91 

42 

25 
20 
20 
25 

Furnace  at  red  heat  from  previ- 
ous day's  rim. 

Delay  waiting  for  molds. 

Waiting  for  molds,  so  held  power 
input  low. 

Total 

Average 

2,463 

10    15 

6    55          3    20 

646 

26 

520  kilowatt  hours  per  ton. 

This  could  have  been  run  as  follows  by  eliminating  all  delays : 


Hours. 

Charge. 

Total 
time. 

Arc  on. 

Idle  time 
charging 

arid 
pouring. 

Kw.  h. 

Kw.  h. 
per  100 
pounds. 

1 

Pounds. 
525 
525 
525 
525 

.-,-'.3 

Hrs.  Min. 
2    10 
1    40 
1     25 
1    20 
1    20 
1    20 

Hrs.  Mm. 
1    55 
1    25 

1     10 

1    Q5 
1    05 

1    05 

Hrs.  Mm. 
15 
15 

15 

15 
15 

215 
130 
105 
100 
100 
100 

41 

2 

25 

3 

20 

4 

19 

5 

19 

6 

19 

Total 

3, 150 

9     15 

7    45 

1    30 

750 

a  24 

a  Average,  or  4S0  per  ton. 

The  elimination  of  delays  thus  gives  a  25  per  cent  increase  in  out- 
put in  an  hour's  less  time  and  decreases  the  power  consumption  40 
kw.  h.  per  ton. 

The  difference  between  the  results  of  a  test  run,  made  to  show  the 
maximum  performance  of  the  furnace,  with  everything  arranged 
for  rapid  operation  and  those  in  regular  operation  under  "foundry 
handicaps"  is  often  very  marked,  and  the  makers  guarantees  as  to 
furnace  performance  under  proper  operation  may  be  far  better 
than  the  figures  on  everyday  performance  if  the  furnace  is  not  prop- 
erly operated. 

Test  runs  should  always  be  made  and  the  best  possible  perform- 
ance of  the  furnace  determined.  If  the  foundry  does  not  closely  ap- 
proach this  performance  in  regular  operation,  the  manager  can 
figure  out  how  much  his  failure  to  provide  the  furnace  with  the  con- 
ditions under  which  it  can  best  operate  is  costing  him.  There  is 
always  a  point  at  which  rigid  putting  of  the  furnace  performance 
first  and  requiring  the  other  foundry  operations  to  be  arranged 
mainly  with  respect  to  efficient  melting  is  more  expensive  in  the  long 


-    FURNACE    I'KAi   !K  i  . 

run, audi!  always  best  botrj  to  get  LQO  per  cent  of  the  possible 

mance  from  the  furnace.     Hut  the  extra  Baving  possible  by 

ing  t hv-   Furnace  proper  operating  conditions  and  getting  high 

n  per  furnace  is  generally  large  enough  to  demand  con- 

of  high  interest  charges  per  ton  of  product  when 

tin-  trie  furnace  is  not  allowed  to  give  maximum  pro- 

du<  :  the  Lowered  power  cost  per  ton  when  production 

gh. 

It  is,  then,  oi  greater  'dative  importance  among  all  the  different 

foundr         rations  thai  an  electric  furnace  he  operated  under  condi- 

;-    favorable   as   possible  to  it   than  in  the  case  of  fuel-fired 

fur 

VALUE  OF  MECHANICAL  CHARGING. 

li  much  time  to  be  able  to  dump  the  charge  in  mechanically 

i  ftbovi      •    t    ,  I   of  having  to  throw  or  shovel  it  in  through  a 

r  in  tl:  or  end  of  the  furnace.     Such  furnaces  as  the  Snyder, 

roil    and  the  Ajax  that  can  be  charged  from  the  top,  if  in- 

with   mechanical   charging   in    view,  or  located  so  that  no 

iv   or   other  structure   over  the  furnace  renders  mechanical 

•  »ut    of  the  question  offer  opportunity   for  time   saving, 

d  furnaces  which  must  he  charged  by  hand  through  a 

Id  have  doors  of  generous  size.     If  hand-charging  must  he 

hips,  unless   in   relatively  small  amount,   when  they   may  be 

'iil   for  <•]  •    to  form  a  cushion  to  prevent  damage  to 

hen   chai  heavy  ingots,  may  be  briquetted,7 ' 

bulky  material,  like  wire,  should  be  compressed  or  "cabbaged." 

king,  the  furnace  should  be  at  a  red  heat  before  the 

put  in.  this  being  obtained  by   preheating 

furnace  if  it  ha  1  too  far  since  last  used. 

obtained  with  a  tightly  closed  furnace,  and 
it  i  Ily  betl  pui  the  whole  charge  In  at  once  instead  of 

aing  the  furnace  to  add  the  rest.    If  a  la 
•  I  to  a  pelal  ively  -mall  mass  of  molten 
sink  in  the  molten  mas-  and   I  the 

I  chunk,  which  is  harder  to  melt  than  a  piled-up 
• 
M<                         ould  not  be  opened  between  charging  and  pour- 

.<>  much  Qonmetallic  material 

'    li        or-  ;i  mirror-like  slag,  \i  is  some- 

kim  the  slag  or   '■  oon 

as  I                                                 a  blanket  or  cover  may  i  the 

Pi                     ufficienl  heated  ladle  to  allow 
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emptying  the  furnace  rapidly  and  the  arrangement  of  ladle  hoists 
and  trolleys  or  craneways  so  that  one  ladle  can  be  poured  immedi- 
ately after  another,  are  important  factors  in  time  saving. 

There  are  various  details  in  which  the  operation  of  special  types 
of  furnaces  require  special  procedure.  In  the  Snyder  the  bottom 
electrode  must  be  kept  in  metallic  contact  with  the  charge.  In  the 
rocking  and  revolving  types  care  must  be  taken  not  to  rock  too  far 
or  to  revolve  too  soon  to  prevent  electrode  breakage.  In  the  Baily 
the  furnace  must  be  heated  empty  at  night  if  run  but  one  shift  per 
day.  In  the  Ajax  the  charge  must  be  kept  poked  down  and  a  layer 
of  charcoal  kept  on  the  metal  to  prevent  access  to  air.  All  furnaces 
are  alike,  however,  in  that  the  more  steadily  they  are  kept  at  melting 
and  the  less  time  they  are  allowed  to  be  idle,  the  better  their  per- 
formance. On  all,  also,  it  is  desirable  that  the  temperature  be  con- 
trolled as  closely  as  possible  that  the  metal  be  not  heated  hotter  than 
it  is  necessary  to  pour  the  casting  desired  properly.  Needless  super- 
heat simply  wastes  time  and  energy. 

PREHEATING  THE  CHARGE  BY  FUEL. 

It  is  often  suggested T1  that  brass  melting  should  be  done  in  two 
stages,  first,  heating  the  metal  to  a  red  heat  by  fuel  and  then  trans- 
ferring the  hot  metal  to  the  electric  furnace  for  melting. 

Theoretically,  this  has  many  advantages.  It  is  well  known  that 
the  lower  the  temperature  to  which  material  is  to  be  heated  the  more 
expensive  it  is  to  generate  that  heat  electrically  in  competition  with 
fuel.72  That  is,  the  thermal  efficiency  of  fuel-fired  furnaces  is  the 
higher  the  lower  the  temperature  to  which  their  contents  arc  heated. 
Or  it  would  take  fewer  B.  t.  u.  to  heat  brass  to,  say,  750°  C.  (1,400°  V.) 
by  direct  fuel  firing  than  by  electric  heating,  not  because  the  electric 
furnace  is  less  efficient  at  the  lower  temperatures  but  because  the 
fuel -fired  furnace  is  more  so. 

If,  then,  we  could  preheat  the  metal  by  fuel  and  could  charge  the 
hot  metal  into  the  electric  furnace  we  would  do  only  that  part  of 
the  work  in  the  electric  furnace  which  the  electric  furnace  can  do 
most  efficiently.     We  would  increase  the  output  of  the  eli  fur- 

nace and  thus  decrease  the  cost  per  ton  for  interest  on  the  in\ 
ment  in  the  costly  electric  furnace.     Volatilization  of  zinc  and  lead 
from  i  mall  indeed  until  the  alloy  is  melted  and  super- 

heated; therefore,  the  metal   loss  would  not  be  Increased.     If  the 

ompare  Gamer,  G.  II..  and  H  furnaa  melting,  T 

Am.   Inst.  Metals,   vol.  0,  KU2,  p.  07.     Hansen    C.   a..    Electric  meltli  >pper  and 

In-r     M.  i  :!s,   vol.  8,   ^'■>\•2.  p.   127.      Hfrin  Dd   iitnii 

the  melting  of  doj  lour.  In  roL  it.   L917,  p.  5 

ompare  Johnson,  \V.  McA.,  and  Bieger,  G.   v..   Electric  furnaces,   tl  liar- 

acteristics  and  coi  application,  Met  193 


BLECTBIG    BRASS    PUBNAd    PRACTICE. 

scheme  could  be  applied  to  oily  borings,  the  oil  would  be  driven  off 
the  preheating  and  would  not  interfere  with  the  operation  of  the 
trie  turn;; 
I  »i.l\  such  electric  furnaces  as  are  capable  of  mechanical  overhead 

charg  would  he  suitable    for  SUCh  a   process.      The  success  of  the 

scheme  would  depend  on  how  well  the  mechanical  details  were  worked 

and  on  whether  or  not  harmful  oxidation  could  he  prevented  in 

the   transfer   of   the    material    from    the    preheating    furnace   to   the 

trie  furna< 

The  synchronizing  of  another  operation  to  the  regular  sequence  of 

melting  and  the  extra  equipment  and  attention  required  would  be  a 

wrback,  hut  there  are  many  cases  where  the  scheme  would  be  worth 

a  trial. 

In  melting  cathode  copper,  if  the  cathodes  can  be  kept  from  tak- 

up  oxygen  <>r  sulphur  during  the  preheat,  so  that  the  electric 

fun  eived  material  which  on  melting  will  have  the  proper  com- 

tioii   to  give  a   high-conductivity   product,  the   scheme   ought  to 

help  th<  furnace  in  its  difficult  task  of  competition  with  the 

present  huge  reverberatory  furnaces. 

This  s  heme  of  preheating  the  charge  is  advocated  for  steel  melt- 

'    e   Industrial   Furnace  Co.,  makers  of  the  Snyder  furnace, 

in  which  the  whole  roof  is  removed  for  charging  so  that  a  hot  charge 

could  he  dumped  in  readily.    No  details  on  tne  operation  of  the  plan 

in  ;  ye4   available,  but  apparatus  for  such  operation  is 

died  at  the  Standard  Steel  Castings  Co.,  Cleveland.    A  con- 

6  in  power  consumption  and  electrode  consumption 

ton  and  a  jponding  increase  in  output  is  expected,  test  runs 

of  steel  that  required  600  kw.  h.  per  ton  with  metal 

.     iking  but  360  kw.  h.  per  ton  when  the  metal  is  preheated  to  a 

I. 

If  the  same  ratio  holds  in  brass  melting  the  power  consumption 

rhich  melt-  wd  brass  at  325  kw.  h.  per  ton  with- 

ind  produce  .  say,  6  tons  in  n  hours,  would  melt  at 

kw.  h.  per-  ton  and  would  produce  about   10  tons  if  all 

ted 
ii  furnace,  melting  yellow  at  200  kw.  h.  without  preheat- 

•   i    ome  7  toi;-  in  24  hours,  would  melt  at   L20  kw.  h. 

produi  ii  tons.    Clark"  ha-  designed   for  the 

1    ..  ;i  method  of  preheating  for  use  with  the  indue- 

.  f ; 1 1  ~ *  th<-  ratio  between  fuel  prices  and  power 

h  thai  in  the  MTV  efficient  induction  furnace  the 

tin-  furnace  by  preheating  have  outweighed 

i    i 
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the  possible  saving:  in  cost  of  power  plus  fuel  over  that  of  power 
alone,  so  that  the  scheme  has  not  yet  had  experimental  test.  The  less 
efficient  the  furnace  and  the  higher  the  cost  of  power,  the  greater  the 
incentive  to  try  out  preheating  will  be. 

FUTURE  DEVELOPMENT  OF  ELECTRIC  BRASS  FURNACES. 

There  are  some  points  on  which  the  path  of  progress  of  electric 
brass  furnaces  is  fairly  clear.  Mechanical  refinements,  use  of  auto- 
matic electrode  control  in  batteries  of  arc  furnace,  and  a  slow  but 
general  improvement  in  life  of  refractories  may  be  looked  for  as 
experience  is  gained.  There  are,  however,  many  points  of  interest 
on  which  there  is  not  yet  enough  collected  experience  to  allow  pre- 
diction. 

Whether  the  tendency  in  the  use  of  existing  types  of  electric  brass 
furnaces  will  be  toward  the  use  of  small  furnaces,  pouring  500  pounds 
per  heat  or  less,  or  toward  the  1-ton  or  larger  furnaces,  can  not  yet 
be  decided.  Practice  will  doubtless  differ  according  to  conditions, 
but  just  what  conditions  make  one  or  the  other  alternative  the  bet- 
ter are  not  yet  thoroughly  clear. 

Whether  the  types  of  furnaces  that  are  so  far  doing  the  bulk  of 
the  nonferrous  melting  will  continue  to  do  so,  or  whether  furnaces 
which  so  far  have  not  had  wide  commercial  use,  or  some  of  the  others 
which  are  still  in  the  experimental  stage,  or  some  brand-new  entrant 
into  the  field  will  find  large  use  has  still  to  be  seen.  Much  progress 
is  still  to  be  expected  and  the  furnaces  of  to-day  are  doubtless  crude 
compared  to  those  of  the  future. 

Nevertheless,  enough  progress  has  already  been  made  so  that  there 
are  electric  furnaces  suitable  for  and  commercially  successful  in 
melting  all  sorts  of  nonferrous  alloys.  No  one  type  of  furnace  is 
"best"  for  all  sorts  of  nonferrous  alloys,  but  the  field  is  thoroughly 
covered  if  the  different  types  are  used  on  that  portion  of  the  field 
each  is  best  fitted  for. 

The  electric  furnace  has  not  yet  displaced  the  fuel-fired  furnace 
from  the  field,  nor  will  it  do  so  completely  in  the  near  future,  if 
ever.  But  it  does  seem  certain  that  in  the  great  majority  of  cases  the 
electric  melting  of  brass  is  both  the  best  and  the  cheapest  method, 
and  that  electric  furnaces,  by  their  sheer  superiority  of  service 
must  be  ultimately  destined  for  a  dominant  place  in  brass  melting. 


PUBLICATIONS  ON  ALLOYS  AND  ELECTRIC  FURNACES. 

A  limited  supply  of  the  following  publications  of  the  Bureau  of 
Mines  has  been  printed  and  is  available  for  free  distribution  until 
the  edition  is  exhausted.  Requests  for  all  publications  can  not  be 
granted,  and  to  insure  equitable  distribution  applicants  are  requested 
to  limit  their  selection  to  publications  that  may  be  of  especial  interest 
to  them.  Requests  for  publications  should  be  addressed  to  the  Di- 
rector, Bureau  of  Mines. 

The  Bureau  of  Mines  issues  a  list  showing  all  its  publications 
available  for  free  distribution  as  well  as  those  obtainable  only  from 
the  Superintendent  of  Documents,  Government  Printing  Office,  on 
payment  of  the  price  of  printing.  Interested  persons  should  apply 
to  the  Director.  Bureau  of  Mines,  for  a  copy  of  the  latest  list. 

PUBLICATIONS  AVAILABLE   FOR  FREE  DISTRIBUTION. 

Bulletin  07.  Electric  furnaces  for  making  iron  and  steel,  by  D.  A.  Lyon  and 
R.  M.  Keener.     1914.     142  pp.,  36  figs. 

Bulletin  73.  Brass  furnace  practice  in  the  United  States,  by  H.  W.  Gillett. 
1914.     298  pp.,  2  pis.,  23  figs. 

r.ri.LETTN  199.  Experimental  production  of  alloy  steels,  by  H.  W.  Gillett  and 
i:.  L.  Mack.    1922.    81  pp.,  5  pis. 

Technical  Paper  287.  Light  aluminum-alloy  castings,  by  It.  J.  Anderson, 
1922,  HO  pp..  4  pis. 

Technical  Paper  290.  Inclusions  in  aluminum  alloys,  by  R.  J.  Anderson. 
1922.     25  pp.,  7  pis. 

PUBLICATIONS   THAT   MAY    BE    OBTAINED    ONLY    THROUGH    THE 
SUPERINTENDENT  OF  DOCUMENTS. 

Bulletin  77.  The  electric  furnace  in  metallurgical  work,  by  I  >.  A.  Lynn.  R.  M. 
Keeney,  and  J.  P.  Cullen.     1914.    216  pp.,  56  figs.    25  cents. 

Bullltix  81.  The  smelting  of  copper  ores  in  the  electric  furnace,  by  D.  A. 
Lyon  and  R.  M    Keeney.     1915.     80  pp.,  6  figs.     10  cents. 

Bulletin  100.  Manufacture  and  uses  of  alloy  steels,  by  H.  D.  Hibbard.  1916, 
7^  pp.     10  c<'nts. 

L.t'lletin  171.  Melting  brass  in  a  rocking  electric  furnace,  by  H.  W.  Gillett 
and  A.  E.  Rhoads.     1918.     131  pp.,  4  pis.,  1  fig.    25  cents. 

Technical  Paper  60.  The  approximate  melting  points  of  some  commercial 
copper  alloys,  by  H.  W.  Gillett  and  A.  B.  Norton.     1913.     10  pp..  1  flg.     5  cents. 

321 


INDEX  OF  PERSONS  MENTIONED. 


A.  Page. 

Addicks,  L...  patent  cited 10.3 

Anderson,  R.  J.,  work  cited . 277 

Arnold,  J.  O.,  work  cited 248 

Arnold,  R.,  work  cited 309 

Arnott,   J.,   work   cited 153 

B. 

Baily.    T.    F..    on    heat    storage    in 

Baily   furnace__ 123 

quoted 130 

work    cited 119,  122,  123. 

125,  127.  129,  284 

and  Cope.  F.  T..  patents  cited.  119,  136 

Baker.  R.  T.,  work  cited 196,  198.  276 

Bancroft,  W.  D.,  acknowledgment   to_  14 

Bardwell.  E.  S..  work  cited 176 

Bary,  P.,  work  cited 245 

Bassanese,  F.,  patent  cited 186 

Bassett,  W.  H.,  cited 1,  269 

Beckman,  J.  W.?  work  cited 301,  311 

Bennett,  M.  H.,  patent  cited 173 

Bensel,   F.,   work   cited 2,  208 

Benzinger,   R.   F.,   work   cited 123.309 

Berlin,  W.  G.,  work  cited 301 

Bezzenberger,    F.    K.    and    Wilkins, 

R.    A.,  work   cited 278 

Bicknell,   R.   P.,   cited 78 

Blakeslee,   R,   N.,  jr.,  work   cited__       261, 

2H4. 267 

Bocuze.  J.  M.,  patent  cited 61 

Booth,  C.  H.,  work  cited 101,  235.  237 

Booth,  W.  K..  patents  cited '2^ 

work    cited 26 

Boving.  J.  O.,   letter  cited B7 

RraL'g,  C.  T.,  work  cited 1.  287 

Braun.  I.,  patent  cited 208 

Bri  urman.   A.,  work   cited 10 

Briggs.   T.   R..   acknowledgment    to__  14 

Bristol,  W.   II..  patent  cited 100 

Bristol,   W.    II.   and    Johnson.    M.   J., 

patent    cited 88 

Brn,,ks.  <;.   I>..   work  cited 168 

Brophy,   O.,   patent    cited 2<">o 

Bu<  k.   C.    <'..    work   cited -•"• 

Buckmann.    II.    II.,   patent    cited 188 

Burpess,    C.    K.,    work    cited 22 

Burke,   J.   U.,   patent    cited     26 

Burton,  G.  D„  patent  cited 208 

C. 

Cadwell,   C.   A.,   patent    cited 71 

Calhane.   P.    P.,    work   cited    77 

and  Bard,  B.  f.  work  cited   .__  77 

Cant.y.  H.   V..  work  cited 211 

Carreve, — ;  patent  <  it«-<i 209 


Page. 
Cartnell,  Wm.,  cited —       260 

Clamer.  G.  H.,  patent  cited 103 

work  cited 244, 

249,  256.  261,  264.  274 

and  Hering.  C  .  work  cited-  2, 

249,  254.  268,  283,  302,  317 

Clark,  W.  R.,  patents  cited__  267,  268,  318 

Coleman,  H.  D.,  work  cited 198 

Collins,    E.    F.,   work   cited 20.  75.  140, 

144.  146,  242,  270,  280,  304 

Cone,  E.  F.,  work  cited 9, 

22,  173,  186,  189,  196 

Conley,  M.  R.,  patents  cited 90 

Contardo,  R.  C,  patent  cited 184 

Cook,  C.  S.,  work  cited 309 

Crafts,  W.  N.,  patents  cited 257 

Crosby,  E.  L.,  acknowledgment  to 14 

patents   cited 218 

work   cited 28 

Crowley,  J.    A.,  work   cited 25 

D. 

Davy,  J.  E.  jr.,  cited 152 

DeFries,  H.  A.,  work  cited 150 

De  Miles,  P.,  patents  cited 92 

DeNolly,  H.,  patent  cited 176 

Dewey,  F.  P.,  work  cited 22 

Diller,  H.  E.,  work  cited 26,  153,  231 

Divine,  R.  D..  work  cited 101 

Dixon,  J.  L.,  patent  cited 25 

Dorsey,  II.  <i..  work  cited 85 

Dow,  A.,   patent  cited Uf 

Dryssen,  W..  patent  cited 26 

Dumas,  Rear  Admiral,  British  Navy, 

cited 308 

Dunn.    F.   I?.,   work  cited 309 

Dunn,  G.,  work   cited 312 

E. 

Fa-tick.   T.    H.   A  .  letter   cited 150 

work     cited 114 

Baaton,  W    II..  work  cited 1  •">.',  LM 

rd,  .].,  work  cited 296 

Btchella,  11..  work  cited 198 

Brichaen,  a.  II.,  patent  cited us 

F. 

Fitzgerald,  F.   A.   .1..   work  cited 36. 

103,  247,  300 
Fitzgerald,  F.  A.  J.  and  Mover.  G.  C, 

work    cited 88 

Flinterman,  R.  F.,  work  cited 

Folev.   c.    15.   patent   cited 257 

BVriaom,   D.  L..  work  cited 3<»s 

Fowl..   F    V..   work  Cited It 

Fulton,    (\    II.    and    <\>iir-en.    \V     A., 

patent  cited 77 


•RIC    BRASS    I  CTRNACE    PRACTICE. 


Page. 
1M7 

a 

■ 

\i  .  patent 



a     1:  . 

work    cited 

■ .     \ . 
• 

rork  1 



77 

■  1     247 

.  dted 

d  Hntton,  B,  I 

WOfffc  died -*,; 

Gran 

B       I  II.. 

pot«  

L89 
- 

.    



W 

H 

H«dm>d.  nr 

210 

• 

Har  847 

v  f 
Har; 
liar-.  WW 

•  i  Kobler 

Ha;. 

na.  ■  

249 

'7    174 
P 

b.  A  .   v  119 

■     K  .    work 

2  19 

210 

166 
I 

210 


Page. 
Japping,   D.,   and   Kranae,   II..   work 

dted 84 

Jeffries,  7...  work  cited    "7 

Johnson,   97.    M.,   patent    cited—   •">•-!." 
Johnson,  W.   II.,  and  Sieger,   Q. 

work  dted 

work  cited 

Johnson,   L.   P.,  work  cited.-     - 

Johnston,   J.,   work   dted 22,23,192 

Jones,  a.,  patenl  dted 211 


K. 


Keller,  C.  II.,  work  cited 

Kent,  k.  t..  work  dted 

Kciiyon.  O.  A.,  work  cited 

Kinnison,   C.    S.,   work   ciied 

Kj.'llin.    F.   A.,   patent   cited ' 

Kortea,    K..    work   cited 

Krentsberg,  E.  C,  work  cited 

Krieger,  M.  L..  patent  dted 1 

Krom,  L.  J.,  work  cited J 


312 

•J  9 


Laist,    P.,   Trick,    F.  F.,  Elton,  J.  O., 
and       Caples,    R.       B., 

work    dted 138 

:.•  nk...  p.  n.,  work  cited.-  136, 

.   

I.in.l.  ninth.  F.  B„  work  cited 26 

itrOm,  A.,  work  dted 290 

Lohr,  J.  M..  acknowledgment  to 1" 

•  t  dted 51,125 

work  cited 77 

i     -l  .  and  Gillett,  H.  \\\,  pat- 
tuts  dted      55 

•.veil,  ii.   F..  work  cited 300 

..    D.   A.,  iin.l    Keeiiey,  K.  M.,  work 

dted 29,  208,  249,  284,  301 

:..\.    K.    M..  and  Cul- 

len,  .1.  F .  work  dted 29 

M. 

McLennan,  J.  C,  work  cited 17G 

McMlcken,    \    C,  work  dted 230 

Major,   K.  M..  work  cited 154 

Manning,  fan.  B  .  work  cited 252 

Marks.   F.  S..   work  cited Li!) 

Mar-h.   A.    L.    patent    dted 50 

latent  .   •  d 26 

25,  117 

P     D..    work    cited—    L86,  1  »•'..  283 

A  .  work  dted 

D.  D.    wor  22 

91,  ' 

Mitchell.  \v    r. .  Aldrich,  ii    B.    and 

.1.,       work 

dted-.   10 

.  ii,   97.,  patenl  cited 77 

i:     work  i  Ited i 

Mohi.  B    0    J.,  pt 

Moor.     97    i.     :  ■  ant  2», 

28 

Murray,  w.  s.,  work  dted Ml 


IXDEX    OF   PERSONS    MENTIONED. 


325 


x. 


Page. 


Newberry.  F.  D.,  work  cited 300 

Northrup,  E.  P.,  patents  cited 274 

work  cited 46,  83,  261,  274 


Parscns,  C.  L.,  acknowledgment  to 13 

work  cited 2,  9 

Perkins,  F.   C,  work  cited 84 

Pfanstiehl,  C.  A.,  patent  cited 93 

Pierre   R.  T..   patent   cited 125 

Potter,  H.  M.,  patent  cited 77 

Prentiss,  F.  L.,  work  cited 224 

Pretzschner  and  Co.,  patent  cited 73 

Bail;  q. 

eau,  A.  L.  J.,  patent  and  work 

cited 255 

an<  R- 

Baker, 
Bancro    *  T-'  an(*  KreisinSer-  H.,  work 

p„„-                 cited 35 

Reardon,  W.  J.,  work  cited 240 

Reed,  R.  R.,  patent  cited 88 

Rennerfelt,  I.,  on  advantages  of  mov- 
ing  furnaces 211 

patent    cited.  26,  72,  147,  150,  189,  211 

,r,„        a,   fif.  L..  work  cited 309 

Rhoads,  A.  E.,  acknowledgment  to__  13 

Eice,  G.  S..  work  cited 309 

hards,   J.   W.,  on   use   of  electric 

brass    furnace 9 

work     cited-*.    1,  122,  136,  268,  283,  302 

Rideal,   E.   K.,   work   cited 208,  308.  312 

Rowlands,    T..    work    cited 1.  248 

Rodenhauser,  W.,  on  the  advantages 

of   a    moving    furnace 206 

work  cited.  23,  25,  26.  95,  176.  244,  248 
Rodenhau.ser.    W.,    and    Schoenawa, 

J.,    work    cited 25 

26,  29,  105,  206 
Roeber,    E.    F.,    on    use    of    electric 

brass    furnace 1 

Roland,  A.   I.,  work  cited 29 

Hon-  .    W.    i:..    quoted 130 

Ruff.  ()..  and                 .  B.,  work  cited.  22 

Ryan,  F.  J.,  work  cited 238 


St.  John.  II.  M.,  ackn  14 

work    cited ;.  140. 

L63  218,  297,  802,  BOS 

hill.    R.    V..    work    cited 26 

Schemmann,  W.,  and  Bronn,  .)  ,  | 

•    cited   26,  175 

Bchenke,  H..  and   Dean,   It.  B.,  work 

cited 10] 

Schmels,  E.  M..  work  cited—   186,207 
Schneider,  C.  P.  B.,  patents  cited     256,261 

work  dted 2( 

Bhipton,  J.  D  184 

22 


Page. 

Short,   P.   B.,  work  cited 125 

Siemans,   W.,   patent  cited 25,  185 

Slawianoff,    N.,    on    effects    of    elec- 
trical   casting 152 

patents  cited 152 

Smith,   A.  C,   work   cited 28,  297 

Smith,    K.,    work    cited 158 

Smith,    O.    G.,    on    national    oil    re- 
sources         308 

Snyder.  F.  T..  patents  <it«  a 2.").  15(5,256 

work  cited 29 

Solomon,    II.   G.,   patent   cited 247 

Sothman,  P.  W.,  work  cited 301 

Soucini,   C.   patent   cited 87 

Speirs,  C.  W.,  patents  cited 87 

Steinberg,      S.,     and     Gramolin,     I., 

patent    cited 102 

Steinmetz,  C.  P.,  work  cited 300 

Btansfield,    A.,   work   cited__  26,29,77,244 
Stassano,    E..    on    the   advantages   of 

a    moving   furnace 206 

patents   cited 206,  234 

work    cited 26,206 

Stassano,  E..  and  Petinot,  N.,  patent 

cited 186 

Stillman,    A.    L.,    work   cited 315 

T. 

Thomson,  J.,   letter   cited 107 

patents     cited 50,  104,  105,  120,  208 

Thomson.  J.,   and    Fitzgerald,   F.   A. 

J.,  patents  cited 208 

work    cited 2 

Tone.    F.,    jr..    patent   cited 60 

work  dted 60 

Tonkin.    E.,    work    cited 304 

Thornton.    P.,   jr.,    work   cited 115.  120 

Thornton.    F.,   jr..   and   Colby,    O.   A., 

patents     cited 115 

Thornton.    II.    If.,    and    Hartley,    H., 

work     cited 303 

Toublett,  — ,   work    cited 312 

Tucker.    S.    A.,    work    cited 77 

Turnbull.     R.,     work    cited 301 


Unger.     M..     and     S<  harschu,     C.     A.. 

work    cited 27.  245 

V. 

Vail.  A.  E.,  on  use  of  Bally  furnace 

for    aluminum 136 

work    dted 281 

Valentine,    I.    R..   patent    dted 140 

Vlckers,  C,  on  the  effldency  of  Bits- 
Id    furnace 

on     one    of    hearth     furnaces vl 

work    dted 36,  i4<; 

Vogelsang,  a.  t..  work  cited 

Vom    Baur,    C.    H..    patents   dted-.         26 

work      cit.d 

Schatsl,  <:..  patent  cited 182 


tic    BRASS    ITi;\  \.t.    PRACTICE. 


Pasja, 

i  82 

patent   cited  202 

202 

l    Fletcher,    C. 

L82 

! 84 

\\ 

Wallln.    N  250 

:  .   work 

rk  .  it.-.i     __ 
u      r.  ;   818 

209 

2,  18  1.  210 

r.iit  cited  117 

83 

pat  82 


Page. 

West,  r.  .]..  work  cited ui» 

White,  r.  B.,  work  cited 807 

WllCOZ,    P..    work    cited 274 

Wilcox,    i:.    a.,   work  cited 26,  2<>7 

Wile,   K.   s..   patents  cited 26,  170 

work    cit.M]     2,170.171 

Winne,  n.  A.,  work  cited 148 

Wlrme,  H.  A.,  work  cited 28 

Wood.    R.    A.,    work    cited 2t\r> 

Wort,   E  .    Heathen,   A.,  and  Darter, 

It.,    work    cited 186,  288 

Wy.it  I.   J.   K  ,   patents  cited 261 

Y. 
fates,    K.    I".  :    work   cited 218 

Z. 
Zeerleder,    A.,   patent   cited 87 


INDEX  OF  SUBJECTS. 


Page. 
Alternating  current,  advantages  of_        i".*l 

definition    of 29 

Aluminum,    electrical   melting   of 135- 

138,  279-280,  282 

di<cii-sion     of 277-284 

power  consumption  for 282 

hardeners      for.      furnaces      for 

melting 3 

melting  tests,  data  on 124 

Aluminum   alloys,   electrical   melting 

of 196.  233 

electric  furnaces  for,  types  of__      4-7. 

287-288 
Aluminum   bronze,  electrical   melting 

of 183 

Aluminum    steel,    electrical    melting 

of 232 

Alundum   cement,   as    refractory    lin- 
ing         296 

American   furnace,  description  of 238 

features  and  use 17 

Ampere,  definition  of 29 

Antimony,  boiling  point  of 22 

Are  furns  e,  definition  of 31 

0  Direct-arc  furnace;  In- 
direct-arc furnace, 
stos-cement     lining.      See    Ajax- 
TVyatt    furnace. 

Aterite,  furnace  for  melting 7 

Ajax -Northrup  furnace,  data  on 8 
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description  of 37 
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view  of 36 
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of 135 
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Bureau   of   Minos,   rocking   furnace, 
Large,    l  :i  b  o  ra  t  o  ry 
teeta   with 213-1M7 

metal   saved    with 'J15 

rate  of  production  of-  216 
Btages      Of      boat       in, 

Bgure  ahowlng 214 

t hernial  efficiency 216 

small,  metal  loss  with 211! 

power  consumption of-  212 

views  of 212 

tests  by.     See  Hoskins  fnrnace; 
SStassano-type  furnaces. 
C. 

CadweU  furnace,  description  of 71 

features   and    use 15 

Carbon,  granular,  use  and  cost 129,  140 

Carbon    resistors,    life    of 60,70,115 

Carborundum,    as   a    resistor 00_6l, 

114-115 

as    refractory    lining 295—296 

Carborundum    resistor    furnace,    de- 
scription of 115 

teeta  of,  results  of 116 

Cerrere'  furnace,  description  of 209 

Cast     iron,    eleeirieal    melting   of 139 

Cathode    copper,    electrical    melting 

of,  discussion  of 284-286 

also  Bail;  furnace. 

Central  generating  stations,  coopera- 
tion   with 'J'.tT 

(.'barging,  mechanical,  value  of 316 

promptness    In,    Importance    of, 

table  showing :;i5 

Chromium  alloys,  furnaces  for  melt 

Ing :;.   8,9,287-288 

■    Olao   delirium. 

ilar  furnaces.    See  <  ieneral  Eli 

trie  ;    Kennerfelt. 

Clrcull  breaker*,  use  of 38 

delirium,  electrical  melting  of 154 

Clingman    furnace,    description   of 101 

features  ami  use 16 

Coal,  possible  saring  of 809 

Cobalt  alloys,  furnaces  for  melting 3 

Stelllte. 
Coke-fired    furnaces,    metal   leas   of, 
compared     with     electric 

furnace 2  I  5 

'  ompared  to  oil  furnaces..  160 
Coiby-KJellln    furnace,   features   and 

one 17 

Commonwealth  Edison  Co.,  acknowl 

edgmenl  to 'i 

::l 

Conley  funny  e,  deaci  >  r  * ( loa  of  -  - 

• 1 5 

bowing    90 

'.)i 
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Copper,  loss  in  fuel-fired  furnace 75 

volatilization  of,  prevention  of 152 

also  Cathode  copper. 

Copper  alloy,  electric  melting 135 

furnaces  for  melting.  4,  5,  7,  8,  287-288 

Copper  poisoning,  danger  from 152 

Copper-zinc  alloys,  boiling  points  and 

pouring  temperatures 24 

melting  points 24 

Cornell  University,  acknowledgement 

to 13 

Costs.      See  Electric    furnaces  ;   Elec- 
trical    power  ;     Linings  : 
Oil  furnaces  ;  Snyder  fur- 
nace. 
Cover.     See    Roofs. 
Crucible,    cylindrical,    lifting    device 

for,    view    of 50 

shank  for,  view  of 50 

Crucible  furnaces,  advantages  of 76 

conclusions    regarding 62 

disadvantages  of 59,79,94 

discussion  of 35,  48 

features  and  use 15 

lift-out,  data  on 9,15 

metal  losses  in 76 

tilting,  data  on 14 

description  of 77-94 

with  granular  resistor,  data  on_  77.  78 

disadvantages   of 79 

Cupronickel.  electrical  melting  of 153, 

197.  205,  217 

Current  density,  definition  of 32 

D. 

Demand  metes,  definition  of 34 

DeNolly    furnace,    diagram    of 177 

Ciammont   modification   of 180 

metal  loss  with 181-182 

•  •lly-Cranunont    furnace,    descrip- 
tion   of 170 

features    and    use 17 

test   on.   results  of 179 

■  •it      Bdison     Co.,     acknowledg 

ment  to 14 

Detroit     furnaces,    data    on 4-5.9 

description  of 218 

features  and  use 17 

for  melting  aluminum 282 

for  melting  copper 28S 

foundry   use  of.   data  on 219-233 

leaded  bearing  bronze  from,  uni- 
formity of.  table  showing.  229 
lining  for.  lite  and  cost    of  233 
metal     loss,     comparison     with 

oil  furnace -j^r,   226 

op. •ration  of.  time-for 227 

pries  ,,f •_':;(> 

Direct-arc  furnaces,  advantages  and 

disadvantages 169 

alloys  recommended  for 287-28S 

data   on :>,,  1<;,  17 

definition  of .".1 

stationary,  description  oi  i  B8 

summary    on 183 
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Direct  current,  definition  of 29 

Dirzuweit  furnace,  description  of 119 

features  and  use 16 

Detroit  furnace,  small  sizes,  use  of 2.">1 

tests    with    spout    open,    results 

of 221 

tests    with    spout    plugged,    re- 
sults of 221 

views  of 213,  218,  219,  220,  221 
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Eddy   current,   definition   of 

Electrical  energy,  definition  of 

Electrical  power,  cost  of,  discussion 

of 297-301 

definition   of 'A0 

discussion   of 288 

Electric  circuit,   definition  of 29 

Electric  current,  definition  of 29 

also  Boskins  No.  70  furnac  . 
Electrical,  furnaces,     characteristics 

Of,  discussion  of 99 

choice  of.  factors  governing—   2S6-298 
cost     of.     comparison     with     oil 

furnaces 70 

discussion  of 100.  289 

definition  of 29 

economic    advantages   of 307-310 

for  brass,  advantages  of 10-11, 

19,  21,  71 

ease  ot  operation 28 

history  of 1-9.11-13 

types 27 

use  of.  economy  of 10-11 

for  steel,  commercial  types .*>-!>.  25 

distribution  of 22 

drawbacks     for    m  e  1  t  i  n  g 

brass 22-  26 

types   of 22,25-27.244 

metal    savings    in 215 

Bee  also  Metal  loss.  b. 

operation   of,   discussion    of 299. 

312-316 

requisites   for 95-100 

safe  installation  of 290-293 

tesl  of,  importance  of 301-303 

types  of,  for  different  alloys.  287-288 

Electrodes,   purpose   of :;i 

also    Bally  furnace  and   de 
scriptlons       of      furnaces 
named. 
Electro-Metals    furnace,    description 

B7 

features  and  use 1  5 

Erichsen  furn  ription  of lis 

features    and    use lfl 


F.  C.  108  furnace.     See  Hoekini  fur- 
nace  No,   7i>. 
Pitsgerahj    furnace,    description    and 

tesl  "f    86 

features  and  use l.r» 

Fitsgerald-Thomson  furnace,  descrlp 

tion   of 103 

features  and  use 16 
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Harvey    furnace,    description    of 107 

features    and    use 16 

figure    showing 108 

Health       conditions,       with       electric 

braes   furnaces n 

Hearth    furnaces,   description   of__    100-151 

discussion 100    161 

features  of 16-18,96-100 

use  of L6-18 

Bamberger  furnace,  description  of 84 

diagram  of 84 

features   and    use 15 

foundry    tests    of 83-87 

results    of 85,88 

views  of 84,  85 

Bering    furnace,    at    Ajax-Motal    Co., 

description  of 250 

heat   balance  of 254 

plan   and   elevation  of 250 

view   of 23o 

description  of 249 

disadvantages   of 255 

features   and    use 18 

suggested    Improvements   for 256 

tests    with 252-254 

Beroult   furnaces,   data    on 3 

features    of 16 

use  0f 10,152-153 

High-frequency  current,  definition  of-         29 

High-frequency,  eddy  current  fur- 
naces, data  on 8, 18 

High      frequency      furnaces.      alloys 

recommended  for 278-288 

Borisontal-ring  induction.  See  In- 
duction  furnaces. 

Boskini    crucible    lift-out    furnaces. 

description  of 47-40 

diagram  of 49 

dimensions  of 50 

features   and    use 15 

No.  4.  electrical  data  on "      66 

No.  70,  description  of 62 

efficiency  of <■>'.» 

electric  current  values  for 66 

factory  ie  i  of 68  66 

alts  of 65 

foundry  test   of  description 

of 60  7  1 

results  of 68,68 

metal    (OS!   in 70 

probable  performance,  sua 

ni.ir.v   of ..I 

•    of ■! 

results  of 52,56 

views  of 61 

ins    furnace,   with    i  at 

pi  Ion  oi     i  i  i 

Bosklns   over-head    resistor   furnace, 

description  of     108 

diagram  ol  109 

i  d  e 16 

improve.),  description  of 110 

0O_.        1  1  I.  112.  1  13 
of.  data  on 110 
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Howard  furnace,  description  of 249 

features  and  use 18 

Huldt  furnace,  description  of 210 

Hydroelectric    power,    for    furnaces, 

discussion  of 310-312 

I. 

Imbert  furnace,  description  of 210 

Indianapolis  furnace,  description  of-        185 

features  and  use 17 

Indirect-arc   furnaces,   data   on 3—5,  17 

definition  of 31 

moving,  advantages  of 242-243 

alloys  recommended  for__  287-288 

discussion  of 206-243 

stationary,    alloys   recommended 

for 287-288 

description   of 183-206 

summary    on 205 

use  of 243 

Induction  furnace,   definition  of 32 

discussion  of 244-245 

induction  furnaces,  data  on__  8,  17,  18 

description  of 247-255 

diagram  of 245 

vertical      ring,      alloys      recom- 
mended   for 287-288 

data   on 7-8,  18 

descriptions   of 257-277 

early   forms  of 256 

See     also     Ajax-Northrup     fur- 
nace. 

Iron,  boiling  point  of 22 

Bee  also  Cast  iron. 
Iron    alloys,    electric    furnaces    for, 

types  of 286 

Insulators,    use   of 31 

Italy,      Stassano-type      furnaces      in 

use  in 186 


Johnson  furnace,  description  of 102 

features   and   use 16 

Joule's   law 32 


K. 


Kilowatt  hour,  number  of  B.  t.  u.  in_  30 

Kilowatt  year,  definition  of 133 

Kjellin   furnace,  description  of 248 

features  and   use 17 

Kryptol    furnace,   description   of 77 


1,   boiling   point  of 22 

in   fuel-fired   furnace 75 

low,    in  direct-arc  furnace 165 

Lead    alloys,    electric    furnaces    for, 

types  of 3,4,287-288 

poisoning,  prevention  of 162 

Leads,   definition   of 31 

Lift-out  crucibles,    types  of.  descrip- 
tion of 36-74 
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Linings,    for   electric    furnaces,    dis- 
cussion  of 293-296 

life  and  cost—  67,  88-90, 118,  128,  231 
See  also  Refractories. 
Lumen  metal,  furnace  for  melting —  6 


M. 


Manganese,  boiling  point   of 22 

furnaces  for,  voltages  for 176 

loss  of,  prevention  of 175 

Marsh  furnaces,  data  on 9, 15 

Melting     points.       See     Copper-zinc 
alloys ;   Silicon. 

Metallic  resistor,   description  of 242 

Metal  loss,  discussion  of 304-306 

fuel-fired  furnace,  curves  show- 
ing   74 

table  showing 75 

possible  saving  of 10 

See  also  Furnaces  named. 
Metals,  precious,   furnaces  for  melt- 
ing   8 

Meters,   use   of 34,  303 

See  also  Demand  meters. 

Moldenke  furnace,  description  of 183 

features  and  use 17 

Monel  metal,  electrical  melting  of_  153, 

155,  183,  195,  205 

furnaces  for  melting 3,  4 

Moore  furnace,  description  of 239 

features  and  use 17 

Morgan   furnace,   description   of 87 

detail   of   single   phase 88 

three    phase 89 

features  and  use 15 

lining  for,  discussion  of 88-90 

resistor   for,   description   of 88 

Motor  force,  cause  and  use  of 261 
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National   Carbon   Co.   furnace,    fea- 
tures and  use 15 

National       resources,       conservation 

of 307-310 

Nickel  alloys,   electric   furnaces   for, 

types  of 3,  8,  9,  287--^- 

Nickel-chromium      alloys,      electrical 

melting  of_-_   153,  154,  183.  19ti 

Northrup  furnace,  types  of 94 

See  also  Ajax-Northrup  furnace. 
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Ohm's  law 31 

Oil,  conservation  of 308 

Oil    furnaces,    costs,    compared    with 

electric  furnaces 70 

lift-out  crucible,  metal  loss  with-  160 
open-flame,    products    of,    analy- 

i  of 225 

metal    loss    with W0 

Oily     brass     borings,     electric     melt- 
ing of 220-22.? 
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Rennerfell      reverberatory     furnace, 

data  on 7 

description  of I6€ 

diagram   of __  ISO 

foaturea  and  one . IG 

teal   of i.~'i 

Be  pel-arc     I  n  r  d  ■  e  «••       See     Von 

Bchlegell  furnace, 
Repelling-arc  (  u  r  d  i  e  a,      See  Von 

Behlegatl   fiiraam. 

Resistance,  definition  of 31 

Resistance   furnace,  definition  of —  32 

Resistor    blades,    loss    during    runs —  60 

Resistors,   charge  as,  discussion  of_  244 

efficiency  of 83 

aular,  use  of 77-83,  no.  i  to 

life    Of 70.114 

also  description  of  fur- 
naces  named, 
protection     of 56,  60,  61 

solid  or  molded,  use  of 83—94 

usr    of 31 

See  also  Bally  spot  furnace; 
Carborundum ;  Graphite 
resistors  ;  lloskins  fur- 
nace .  Morgan  furnace; 
Thomson  glgirm  resistor ; 
Zirconia '.  and  furn 
named. 

itoi   troughs,    life   of 138 

also   Uaily   furnace. 

Iving  furaace,  advantages  of__       -35 

rlptione  of    233-242 

difficulties  of 234 

Booking,   furnaces,  discussion  of—  211-212 

products  of.   analyses  of 220,220 
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Snyder  crucible  lift-out  furnace,   de- 
scription and  tests  of 45 

features  and  use 15 

Snyder  direct-arc  furnaces,  data  on.  3 

effect    of   power    factor   on   cost 

of 167,168 

features  and  use 17 

foundry  data  on 166-168 

improvements  in 163-165.168-169 

large,  figure  showing 162 

metal  loss  with,  discussion  of 165 

price  of 170 

repair   costs  for 166 

small,  description  of 156 

metal  loss  with 160 

tests  of 157-161 

use    of 153.  155 

See  also  Rennerfelt  furnace. 
Snyder    resistor   tilting  furnace,    de- 
scription of 101 

Snyder-type  furnaces,  use  of 153-155 

Solomon  furnace,  description  of 247 

Spencer  furnace,  description  of 247 

features  and  use 17 

Stansfield    furnace,    description    of__  77 

features  and  use 15 

Stassano  furnace,  description  of 206 

figure  showing 207 

motion  of,  advantages  of 206 
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and  use 17 

Stassano-type    furnaces,    Bureau    of 

Mines  tests  of 186-189 

description  and  tests  of 185-189 

features  and  use 17 

figures  showing 187 
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See  also  Rennerfelt  furnace. 
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Ing  points. 
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Tin,  boiling  point  of 22 
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Tilting  furnaces.     Sec   Crucible   tilt- 
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Torch,   electric.      -See   Von    Schlegell 
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Transformer,   definition   of 31 

Transformer  layout,  Baily  furnace 122 

Triple     furnace.        See     Bureau     of 

Mines   crucible  furnace. 
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Universal      furnace,      features      and 
use 


17 


Vertical-ring,  induction.     Srr  Induc- 
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Volatilization,   in    electric   steel    fur- 
naces   23 

Volt,   definition   of 30 

Volta   furnace,  description   of 240-242 

features   and   use 17 

figure    showing 241 

Voltage,    definition   of 30 

for  melting  brass.     Sec  Tests  of 
furnaces  named. 

for  melting  manganese 176 

Von  Schatzl  furnace,  description  of_  182 
Von    Schlegell-Fletcher    furnace,    de- 
scription   of 182 

features   and   use 17 

Von  Schlegell  furnace,  data  on 4,  204 

d<  scription  of 202 

diagram   of 203 
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view   of 204 

features   and    use 17 
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Water     power.        See      Hydroelectric 
power. 

Watts,  definition  of 30 

Weeks    furnace,   description  of 184.  L'n'.t 

features   and    use 17 

Weidenthal  furnace,  description  of_  117 

features  and  use 16 

WeintraUD    furnace,    description  of__  82 

features    and    use 15 
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